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An  Index  to  the  described  Species  of  Botrychium 

By  Lucikn  Marcus  Underwood 

During  seven  years  of  special  but  more  or  less  interrupted 
study  of  the  genus  Botrychium  added  to  a  field  experience  with 
various  members  of  the  genus  extending  over  a  quarter  of  a  cen- 
tury, we  have  been  able  to  see  the  most  important  collections  of 
the  world  and  have  received  a  great  quantity  of  material  from 
numerous  correspondents.  Besides  practically  all  the  herbaria  of 
this  country,  the  foreign  collections  at  Kew,  London,  Berlin,  and 
Paris  have  been  studied  with  care.  As  a  result 'of  this  study  not 
only  have  our  former  convictions  regarding  the  status  of  the 
various  members  of  the  ramosum  and  ternatum  groups  been  con- 
firmed, but  additional  species  in  both  these  groups,  together  with 
two  new  representatives  of  the  Virginianum  group  can  now  be 
properly  segregated. 

With  the  most  recent  publication  of  an  African  species,  some 
members  of  the  genus  are  now  found  on  every  continent  and  in 
every  zone  in  which  a  land-area  exists.  The  first  index  to  the 
species  was  published  by  Milde,*  who  early  gave  an  elaborate 
account  of  the  variations  of  the  species  known  to  him.  Great 
authority  has  hitherto  been  attributed  to  his  opinions,  which  he 
published  a  generation  ago,  but  it  must  ever  be  remembered  that 
he  based  his  conclusions,  except  among  the  central  European  spe- 
cies which  he  knew  in  the  field,  on  exceedingly  meagre  data.  This 
is  especially  true  of  American  material,  particularly  among  the 
smaller  species  of  the  genus.  The  same  condition  remains  true 
to  this  day  regarding  the  greater  part  of  the  collections  of  con- 
tinental Europe.  When  we  examined  the  collection  at  Berlin  in 
1898  it  contained  only  a  single  American  specimen  oi  Botrychium 
lanceolatum  and  that  from  Greenland,  and  not  a  single  specimen 
of  B.  neglectum,  Milde's  collection  was  scarcely  better,  to  judge 
it  by  his  own  citations,  and  the  futility  of  relying  on  opinions  based 
on  such  meagre  data  becomes  clearly  apparent  when  we  know 

♦VerhanfU.  k.  k.  zool.-bot.  Gescll.  Wien.  18 :  507-516.     i868. 
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the  real  facts  in  the  case.  We  mention  this  because  we  have  had 
in  this  country  in  certain  quarters  too  much  of  the  now  obsolete 
notion  tftat  •*  the  Europeans  have  told  us  better'*  concerning  the 
status  of  our  own  species.  Milde  recognized  only  ten  species  in 
1870.  Prantl  *  enumerated  the  species  known  to  him  in  1884, 
and  although  he  was  familiar  with  the  principal  German  collec- 
tions only,  he  still  recognized  fifteen  species.  Against  these 
more  rational  estimates,  the  English  botanists  even  in  their  latest 
pronouncement  f  can  find  only  six  species  !  The  present  list 
enumerates  thirty-four  species  whose  status  is  quite  definitely 
known,  and  four  others  concerning  which  there  are  no  materials 
for  verification  that  have  been  accessible  up  to  the  present  time. 
Besides  the  above,  there  is  material  at  Kew  and  Berlin  represent- 
ing certainly  one  and  possibly  two  additional  species  of  the  terna- 
turn  group  from  South  America,  and  perhaps  a  third  from  Central 
America.  This  material  can  best  await  further  study  before  pub- 
lication. There  is  also  evidence  of  a  species  of  the  simplex 
group  in  California  that  awaits  further  study  afield. 


List  of  the  known  Species  of  Botrychium 

Species  accepted  as  valid  are  in  small  capitals,  except  those  herein  described  as 
new,  which  are  in  the  usual  bold-faced  type.  Species  regarded  as  synonyms  of  other 
species  are  in  italics  with  their  proper  equivalents.  Species  of  uncertain  standing  owing 
to  inaccessibility  of  types  or  other  causes  are  also  in  itaiicSy  but  with  no  equivalents  in- 
dicated. 

Botrychium  anthemoides  Presl  =  ?  B.  Virginianum. 

Milde  comments  on  this  species  in  his  paper  on  the  Silesian 
ferns  and  gives  a  figure  of  PresPs  specimen,  but  unfortunately  gives 
two  numbers  alike  on  the  plate,  so  as  to  leave  one  in  doubt  con- 
cerning just  which  is  the  one  intended  for  Presl's  plant.  There 
is,  however,  little  doubt  but  that  the  species  was  based  on  an 
aborted  specimen  of  the  European  form  of  our  familiar  species. 
Botrychium  australe  R.  Br.,  Prodr.  Fl.  Nov.  Holl.  164.  18 10. 

— Australia,  Tasmania,  New  Zealand. 
Botrychium  Baeckeanum  Brockm.  Archiv.  Ver.  Freund.  Naturg. 

Mecklenburg,    170.      1863. — Description   not  seen ;    said  by 

Milde  to  belong  to  B,  matricariae, 

*  Jahrb.  Bot.  Gartens  Berlin,  3  :  297-350.     1884. 
t  Annals  Bot.  5  :  500.     1891. 
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BoTRYCHiuM  biforme  Colenso,  Trans.  New  Zeal.  Inst.   i8 :  223. 

1886. — New  Zealand. 
Botrychium  biternatum  (Lam.)  Underw.  Bot.  Gazette,  33  :  407. 

//.  21,    1896. 

Osmunda  biternata  \jasti,  Encyc.  Meth.Bot  4:  650.    1797. 

Botrypus  lunarioides  Rich. ;    Michx.   Fl.  Bor.  Am.   3  ;    274. 
1803. 

Botrychium  lunarioides  Sw.  Syn.  Fil.  172.     1806. 

Botrychium  fumarioides  Willd.  Sp.  PI.  5  :  63.     18 to. 

Botrychium  fumariae  Spreng.  Syst.  Veg.  4  :   23.     1827. 

South  Carolina,  Georgia,  Florida,  Alabama,  Louisiana. 
Botrychium  boreale  Milde,   Bot.    Zeitung,  15  :  880.     1857. — 

Scandinavia,  Northern  Asia,  Alaska. 
Botrychium  brachystachys  Kunze  =  B.  Virginianum  Mexicanum. 
Botrychium  brevifolium  Angstr.  Bot.  Notiser,  40.       1 866. — Plant 

not  known.     Description  even  not  yet  seen  and  the  plant  was 

unknown  to  Milde. 
Botrychium  Breynii  Fries  =  B.  matricariae. 
Botrychium  chamaeconium  Bitter  &  Hieron. ;  E.  &  P.  Nat.  Pflan- 

zenf.  I*:  471.      1900. — Africa  (Kamerun). 
Botrychium  cicutarium  Sw.  Syn.  Fil.  171.   1806. — Santo  Do- 
mingo. 

This  species  was  based  on  Plumier,  //.  /jp,  from  Santo  Dom- 
ingo. Later  writers  have  confused  various  species  with  it,  as  J.  D. 
Hooker,*  who  applied  the  name  to  a  New  Zealand  species  of  the 
ttrnatum  group !  Moore  made  it  a  sub-species  of  B.  Virginianum, 
To  this  day,  however,  no  specimens  of  Botrychium  have  been  col- 
lected ji>.  Santo  Domingo  to  our  knowledge,  and  until  that  terra 
incognita  is  made  known  to  us  botanically  it  is  best  to  leave  the 
species  in  abeyance. 
Botrychium  Coulteri  Underw.  Bull.  Torrey  Club,  35  :  537.  1898. 

— Yellowstone  National  Park,  Montana,  Wyoming,  Idaho. 
Botrychium  crassinervium  Rupr. ;  Milde,  Nov.  Act.  Acad.  Caes. 

Leop.  Carol.  36:  763.//.  55.  /.  /o,  //.     1858.  —  Siberia. 
Botrychium  cuneatum  Desv.  =  B.  obliquum. 
Botrychium  daucifolium  Hook.  &  Grev.  Ic.  Fil.  3 :  pL    161. 

1831. 

♦Handb.  New  Zeal.  Fl.  387.     1867. 
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Botrychium  subcarnosum    Wall.  Cat  no.  49  (nomen  nudum)  \ 
Hook.  &  Grev.  Bot  Misc.  3  :  222.     1833. 

India,  Burma,  Society  Islands  ?,  Samoa  ?. 
Botrychium  daucifolium  ^  Japonicum  Prantl  =  B.  Japonicum. 
Botrychium    decompositum    Mart.    &    Gal.    Mem.   Acad.   Sci. 

Bruxellies,  15  : — (i  5).  //.  /.     1 842.  -r-  Mexico. 

Botrychium  dichronum  sp.  nov. 

A  moderately  tall  plant,  allied  to  B,  Virginianum^  with  sessile 
sterile  lamina  and  persistent  leaf  of  the  preceding  year.  Roots 
fleshy:  stem  15-20  cm.  long,  smooth:  sterile  lamina  broadly 
triangular,  20  cm.  wide,  1 5  cm.  long,  tripinnatiiid  with  about  five 
pairs  of  nearly  opposite  gradually  diminishing  pinnae,  the  lower- 
most with  longer  pinnules  on  the  outer  side  and  inclined  forward 
at  an  angle ;  pinnules  8-10  on  each  side  of  a  winged  rachis^ 
alternate,  cut  nearly  to  the  midrib  into  6-10  segments  set  at  an 
angle  of  45°  with  the  rachis,  the  lower  ones  slightly  narrowed  at 
the  base,  and  3-5 -toothed  at  the  apex,  all  gradually  simpler 
towards  the  apex  of  the  lamina  :  panicle  *  triangular,  spreading,  3 
cm.  or  more  long  on  a  slender  stalk  4  cm.  or  more  long,  2-3- 
pinnate. 

Jamaica:  Morce's  Gap,  altitude  1500m.,  7  Feb.  1900.  \V. 
N,  Clute,  g6,     (Type  in  herb.  Underwood.) 

This  plant  was  distributed  as  B,  Virginianum  with  which  it  had 
been  previously  confounded  and  which  it  resembles  rather  closely^ 
but  differs  in  its  peculiar  short  panicle,  in  the  cutting  of  the 
lamina,  and  especially  in  its  persistent  sterile  leaf  which  remains 
fresh  until  the  new  one  is  fully  developed,  the  plant  thus  having 
two  growing  leaves  at  the  time  of  maturity  to  which  allusion  is 
made  in  the  specific  name.  This  peculiar  habit  has  been  men- 
tioned by  both  Jenman  and  Clute,  who  appear  to  be  the  only  per- 
sons who  have  reported  it  from  Jamaica.  Its  seasonal  appearance 
also  is  peculiar. 
Botrychium  dissectum  Spreng.  Anleit.  3:  172.    1804. 

Botrychium  ternatum,  van   dissectum  D.   C.   Eaton,   Ferns  N. 
A.  1 :   150.  pL  20.  /.  7.      1878. 

New  England  to  Virginia,  Ohio,  Indiana  and  Kentucky. 

While  this  species  undoubtedly  approaches  in  some  of  its  forms 
to  B,  obliquum,  we  have  yet  to  see  a  specimen  that  could  not  readily 

*  On  the  type  specimen  the  sporophyll  is  not  quite  mature  and  the  measurements, 
may  be  a  trifle  too  small  for  an  average  mature  plant. 
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be  distinguished  in  the  herbarium  even  when  shriveled  by  drying ; 
in  the  field  it  often  grows  in  the  same  localities  as  B.  obliquum  and 
there  can  always  be  distinguished  at  a  glance.  When  it  grows  in 
the  open  sun  it  often  becomes  contracted  and  compact  in  habit, 
but  the  typical  form  of  the  species  is  so  unlike  B,  obliquum  that  it 
is  more  rational  to  consider  it  a  distinct  species.  {Cf,  observations 
under  B,  Icrnatum,) 
Botrychium  erosum  Milde,  Bot.  Zeitung,  22  :   I02.      1864. 

(Type  from  Auckland,  New  Zealand,  Hay  ;  in  herb.  k.  k.  Hof- 
museum,  Vienna).     Milde  later  referred  this  species  to   his  all- 
embracing  B,  tematum^  but  this  reference  signifies  nothing  in  this 
day  of  more  rational  conceptions  of  geographic  distribution  ;  with, 
out  having  seen  the  type  it  seems  best  to  leave  the  species  in  doubt 
though  it  may  be  one  of  the  forms  of  the  Australasian  B,  australi, 
Botrychium  fumariae  Spreng.  =  B.  biternatum. 
Botrychium  fumarioides  Willd.  =  B.  biternatum. 
Botrychium  gracile  Pursh  =  B.  Virginianum. 
Botrychium  Japonicum  (Prantl)  Underw.  Bull.  Torrey  Club,  25  : 

538.      1898. 

Botrychium  daucifolium  ^  Japonicum  Prantl,  Jahrb.  Bot.  Gartens 
Berlin,  3:  340.     1884. 

Japan. 
Botrychium    Jenmani  Underw.   Fern.    Bull.    8:    59.     1900. — 

Jamaica. 
Botrychium  Kannenbergii  Klinsman  =  B.  simplex. 
Botrychium  lanceolatum  (S.  G.  Gmel.)  Angstr.  Bot.  Notiser,  68. 

1854. 

Osmunda  lanceolata   S.  G.  Gmel.  Nov.   Comm.    Acad.    Sci. 
Petrop.  12:   t^\6,  pL  ii,f.  2,     1768. 

Botrychium  palmatum  Presl,  Suppl.  Tent.  Pterid.  43.    1845. 

Scandinavia,  Siberia,  Alaska,  to  Washington,  eastward  to  Green- 
land, Labrador  and  Newfoundland  and  southward  to  Colorado, 
Michigan  and  Pennsylvania. 
Botrychium  lanuginosum  Wall.  Cat.  48  {nomen  nudum) ;  Hook. 

&  Grev.  Ic.  Fil.  i :  //.  /p.  {pi,  jun,)  183 1.  —  India. 
Botrychium  Lunaria  (L.)  Sw.  Schrader\s  Jour.  Bot.  1800':   110. 

1801. 

Osmunda  Lunaria  L.  Sp.  PI.  1064.      1753. 
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Europe,  Northern  Asia,  Newfoundland,  Labrador,  Minnesota, 
Colorado,  Utah,  and  northward  to  Alaska  and  Greenland. 
Botrychitim  lunarioides  (Rich.)  Sw.  =  B.  biternatum. 
BoTRYCHiuM  MATRiCARiAE  (Schrank)  Spreng.  Syst.  Veg.  4:  23. 

1827. 

Osmunda  matricariae  Schrank,  Baier.  Fl.  3:  419.      1789. 

Botrychium  rutaceum  Svf,  Schrader's  Jour.  Bot.  1800':  no. 
1801. 

Botrychium  matricarioidcs  Willd.  Sp.  PI.  5  :  62.     18 10. 

Botrychium  rutaefolium  A.  Br. ;  Doll.  Rhein.  Fl.  24.    1843. 

Botrychium  Breynii  Fries,  Summa  Veg.  Scand.  252.     1846. 

f  Botrychium  Baeckeanum  Brockm.  {^fide  Milde). 

Northern  Europe,  Labrador,  Quebec,  New  Brunswick,  Maine, 
New  Hampshire  ?,  Vermont,  New  York. 
Botrychium  matricariaefolium  A.  Br.  =  B.  ramosum. 
Botrychium  matricarioidcs  Willd.  =  B.  matricariae. 
Botrychium  neglectum  Wood,  Class    Book    Botany,    [ed.   3.] 

816.      1 860.  —  Nova  Scotia  to  Maryland,  Ohio  and  northward  ; 

also  in  South  Dakota,  Alaska,  British  Columbia,  and  Wash- 
ington ? 
Botrychium  obliquum  Miihl.;  Willd.  Sp.   PI.  S  :  62.     18 10. 

Botrychium  cuneatum  Desv.  Ann.  Soc.  Linn.  Paris,  6 :  195. 
1827. 

Botrychium  ternatum  var.  obliquum  D.  C.  Eaton,  Ferns  N. 
A.  I  :   149.  //.  20.  f,  2.     1878. 

New  Brunswick  to  Georgia,  Indiana  and  Minnesota. 
Botrychium  obliquum  intermedium  Underw.  Our  Native  Ferns, 

ed.  6,  72.     1900. 

Botrychium  ternatum^  var.  australe^  sub-var.  intermedium  D.  C. 
Eaton,  Ferns  N.  A.  i:  149.  //.  20a  {front  figure  only), 
1879. 

New  England,  New  York  and  northward.    The  relations  of  this 
perplexing  form  and  its  distribution  are  still  unsettled  questions. 
Botrychium  occidentale  Underw.  Bull.  Torrey  Club,  25 :  5.38. 

1898.  —  British  Columbia,  Washington. 

Botrychium  Onondagense  sp.  nov. 

A  slender  species  somewhat  intermediate  between  B,  Lunaria 
and  B,  tenebrosum  with  distant  wedge-shaped  segments.     Roots 
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slender  from  a  very  short  axis :  common  stalk  slender,  rather 
weak  and  spreading,  8-12  cm.  long:  lamina  short-stalked  (about 
I  cm.),  2-4  cm.  long,  1-1.5  ^^-  wide,  composed  of  7-9  broadly 
cuneate  segments  which  are  spaced  their  own  width  or  more,  with 
one  or  more  notches  in  the  outer  margin,  or  occasionally  quite 
deeply  incised:  sporophyll  1.5-2.5  cm.  long,  mostly  bipinnatc, 
with  a  slender  stalk  2.5-4  cm.  long. 

Rocky  ground  in  shade.  The  following  specimens  have  been 
examined  :  **  Geddes  Farm,"  Syracuse,  1879,  /-  ^'  Gifford,  CD*; 
Syracuse,  1873,  E.  W,  Mundy,  G;  Jamesville  Road,  1878,  Mary 
Olivia  Rustf  U  C  D  K  E  ;  near  Split  Rock,  Syracuse,  Underwood 
(t>T)e),  U.  All  the  stations  are  within  five  miles  from  Syracuse  in 
Onondaga  county,  New  York,  where  the  writer  first  commenced 
the  study  of  ferns  in  1875,  and  to  the  memory  of  which  as  one  of 
the  most  prolific  fern  localities  in  the  country  this  species  is  dedi- 
cated. Similar  plants  have  been  collected  in  Michigan  near  Cop- 
per Harbor,  Keweenaw  Point.  0,  A.  Farwell,  U  ;  and  in  Montana, 
Box  Elder  Creek,  23  July  1886,  R,  S,  Williams,  E. 

This  interesting  species  was  originally  discovered  by  the  ladies 
of  the  Syracuse  Botanical  Club  in  June  1872;  there  appears  to 
have  been  some  difference  of  opinion  as  to  whom  the  original  dis- 
covery belongs  as  it  was  claimed  by  both  Mrs.  S.  M.  Rust  and  Miss 
Jane  Hosmer.  Mr.  Davenport  was  the  first  to  determine  the 
plant  and  naturally  confused  it  with  the  more  robust  B.  Lunaria 
and  as  early  as  1877  published  an  account  of  it  under  that  name. 
That  it  may  be  a  descendant  of  the  stock  from  which  B,  Lunaria 
sprang,  is  possible,  but  it  also  has  very  striking  relations  with  B, 
tenebrosum.  Having  collected  this  rare  species  in  one  of  its  cen- 
tral New  York  stations  and  being  familiar  with  the  European  B, 
Lunaria  not  only  in  the  herbarium  but  from  considerable  field 
study,  we  have  long  regarded  this  a  distinct  species,  and  have 
waited  in  vain  for  additional  information  before  publication.  We 
have  carefully  gone  over  the  extensive  suites  of  specimens  of  B, 
Lunaria  in  the  large  herbaria  at  Kew,  Berlin,  and  Paris  and  find 
nothing  to  match  this  slender  plant  from  central  New  York.    The 

*  [As  noted  in  previous  papers  by  Professor  Underwood,  published  in  the  Bulle- 
tin, these  letters  refer  to  the  herbaria  in  which  the  specimens  noted  have  been  seen  : 
B=  Berlin;  C  =  Columbia  (and  the  N.  V.  ]k>tanical  Garden)  ;  D  =  Davenport;  E 
=  D.  C.  Eaton  ;  G  =Gray  ;  K  =  Kew  ;  and  U  =  Underwood.—ED.] 
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more  slender  habit,  and  the  distant  cuneate  segments  will  readily 
distinguish  it  from  B.  Lunaria,  The  European  species  also  occurs 
in  British  America  and  Alaska  and  in  the  high  mountains  of 
Colorado.  The  smaller  species  of  this  genus  present  as  close  a 
series  as  the  much  larger  tematum  group  and  should  receive  more 
thorough  field  study.  In  this  species  the  leaf  is  rarely  quite 
short-stalked  and  in  one  or  two  specimens  seen  the  number  of 
segments  is  abnormally  increased  to  fifteen.  On  the  whole,  the 
plant  is  rather  nearer  B,  tenebrosum,  but  differs  in  its  broader 
cuneate  segments  which  are  entire  or  flabellately  lobed.  In  its 
habitat  in  rocky  woods  it  is  quite  unlike  B,  Lunaria  of  Europe, 
which  commonly  grows  in  open  meadows. 
Botryddum  palmatum  Presl  =  B.  lanceolatum. 
Botrychium   pumicola  Coville ;  Underw.  Our  Native  Ferns,  ed. 

6.   69.     1900;  Bull.  Torrey  Club,  38:   109.  //.  7.     1901. — 

Oregon. 

Botrychium  pusilluin  sp.  nov. 

A  low  plant  related  to  B,  matricariae,  branching  below  the 
surface  of  the  ground  and  bearing  small  ternately  compound 
leaves.  Stem  i  cm.  long*  (rarely  longer  when  growing  deeply), 
buried,  pale :  leaves  about  3  cm.  wide  by  2.5  cm.  long,  on  a  short 
petiole  1-1.5  c*"-  lo"g>  the  lateral  divisions  tripinnatifid,  the 
terminal  scarcely  exceeding  the  lateral,  the  ultimate  segments 
closely  placed,  rounded,  wider  and  sometimes  lobed  above,  2. 5-3 
mm.  broad,  with  entire  margins;  texture  fleshy  ;  veins  imperceptible : 
sporophylls  4-8  cm.  long  (including  the  stout  stalk),  the  panicle 
tripinnate,  3-5  cm.  long. 

Mexico  :  Wet  meadows.  Sierra  de  las  Gruces,  State  of  Mexico, 
3000  m.,  II  Sept.  1892,  Pringle,  J 192,  (Type  in  herb.  Under- 
wood.) 

Differs  from  B,  bitematutn  in  its  seasonal  development,  being 
autumnal  instead  of  vernal,  in  its  stalked  leaves,  and  its  more  com- 
pact fleshy  entire  segments.  Related  more  nearly  to  B.  matrix 
cariae  in  size,  but  differing  in  its  stouter  form,  its  entire  segments, 
and  its  concealed  veins. 
Botrychium    ramosum  (Roth)   Ascherson,    Fl.   Brand,   i :  906. 

1864. 

Osmunda  rantosa  Roth,  Fl.  Germ,  i :  444.     1788. 

Botrychium    matricariaefolium  A.   Br. ;  Doll.   Rhein.    Fl.  24. 
1843.     (As  synonym.) 
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Botrychium  Reuteri  Payot,  Cat.  Foug.  15.     i860. 

Northern  Europe.     Early  figured  by  Brejm,  and  differing  en- 
tirely both  in  habit  and  structure  from  its  American  congener 
which  has  been  confused  with  it. 
Botrychium  Reuteri  Payot  =  B.  ramosum. 
Botrychitim  robustum  (Rupr.). 

Botrychium  rutaefolium  van  robustum  Rupr.;  Milde,  Nov.  Act. 
Acad.   Caes.   Leop.-Carol.  26:  763.  pL  55^  f.  9.     1858. 

Kamtschatka,  Unalaska. 
Botrychium  rutaceum  Sw.  =  B.  matricariae. 
Botrycltium  rutaefolium  A.  Br.  =  B.  matricariae. 

Botrychium  Schafineri  sp.  nov. 

A  stout  fleshy  plant  allied  to  B,  obliquum  with  somewhat  com- 
pact glaucous  foliage  and  copious  elongated  sporophylls.  Stems 
2-5  cm.  long,  stout,  fleshy:  leaves  10-18  cm.  wide  by  6-1 1  cm. 
long,  on  slender  petioles  5-6  or  rarely  up  to  10  cm.  long  ;  lateral 
divisions  rather  long-stalked,  tripinnate  ;  the  terminal  larger,  some- 
times quadripinnatifid  below  ;  ultimate  segments  oval  or  rarely 
lobed  and  slightly  narrowed  below,  the  margins  entire,  the  rachises 
broadly  winged,  the  surfaces  bluish  glaucous :  sporophylls  20- 
35  cm.  or  more  long  on  stout  stalks, 'the  panicles  6-12  cm.  or 
more  long,  quadripinnate. 

Mexico  :  *'  In  montibus  prope  San  Luis  Potosi,"  Oct.  1879, 
Schaffner,  U  (type)  K  ;  San  Miquelito  Gebirge  (San  Luis  Potosi), 
Schaffner^  -^5,  C  (numerous  specimens);  Valle  de  Mexico,  1875, 
Schaffner,  B. 

The  plant  is  considerably  smaller,  more  fleshy  and  glaucous 
than  B.  decompositum  and  is  correspondingly  more  compact  in 
growth  and  has  usually  shorter  petioles.  It  is  much  more  finely 
divided  than  either  that  species  or  B.  obliquum  to  which  it  is  some- 
what related.  I  take  pleasure  in  naming  the  species  after  its  sole 
collector,  Dr.  Schaffner,  who  sent  me  fine  specimens  over  twenty 
years  ago,  shortly  before  his  death. 
Botrychium   silaifolium   Presl.  Rel.  Haenk.  i:  76.     1825. — 

California  and  northward. 
Botrychium    Silesiacum  Kirschlg.   Fl.   Alsac.   401.     1855.     Not. 

known  and  description  not  seen. 
Botrychium  simplex  Hitchc.  Am.  Jour.  Sci.  6 :  103.  //.  8,     1823. 

Botrycltium  KanneTibergii  Klinsman,  Bot.  Zeitung,  10 :  378. 
1852. 
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New  England,  New  York,  New  Jersey,  Pennsylvania,  ?  Wyo- 
ming ;  Northern  Europe. 

Botrychium  strictum  sp.  nov. 

A  tall  plant  with  the  habit  of  B,  Virginianum  with  a  sessile 
sterile  lamina  and  slender  spicate  panicle.  Roots  fleshy  :  stems 
25  cm.  or  more  long,  slender,  with  slightly  fibrillose  covering : 
sterile  leaf  broadly  triangular,  sessile,  of  three  equal  or  subequal 
2-3  pinnatifid  divisions ;  primary  pinnae  6-10  cm.  long,  strongly 
decurrent  on  the  rachis,  with  8-10  pinnules  on  each  side  which 
vary  from  oblong-lanceolate  to  lanceolate  ;  pinnules  varying  from 
deeply  4-5-crenate  to  5-cleft  on  each  side,  blunt  or  rounded  at  the 
end:  panicle  6-13  cm.  long,  on  a  slender  stalk  5-6  cm.  long, 
with  16-20  short  compact  branches  5-15  mm.  long,  placed  at  an 
acute  angle  with  the  axis,  thus  causing  the  entire  panicle  to  appear 
spike-like :  sporangia  much  crowded,  large,  nearly  i  mm.  in  diam- 
eter :  spores  pale  yellow. 

Japan  :  Sapporo  in  groves,  Aug.  1894,  A.  W,  Stanford  (ty^ 
in  the  herbarium  of  the  New  York  Botanical  Garden);  **in 
sylvis  Takaosan.,  prov.  Musashi,  10  Oct.  1885  "  comm.  J.  Matsa- 
mura,  U.  I  have  also  seen  a  specimen  in  the  Museum  of  tht  Jar- 
din  des  Plantes  at  Paris,  and  one  in  the  herbarium  of  Mr.  B.  D. 
Gilbert.  The  species  has  hitherto  been  reported  from  Japan  under 
the  name  of  B.  Virginianum  but  it  is  clearly  a  very  distinct  species, 
differing  widely  in  the  cutting  of  the  leaf  and  in  the  narrow  spike- 
like panicle  which  is  also  much  shorter  than  in  our  familiar  species. 
In  the  new  species  the  mature  panicle  scarcely  overtops  the  sterile 
leaf  when  laid  on  the  herbarium  sheet. 
Botrychium  subbifoliatum  Brack.  U.  S.  Expl.  Exped.  16  :  317. 

//.  4.4,/.  2,     1854. — Sandwich  Islands. 
Botrychium  subcarnosum  Hook.  &  Grev.  =  B.  daucifolium. 
Botrychium  tenebrosum  A.  A.  Eaton,  Fern  Bull.  7:  8.  1899. — 

New  Hampshire,  Vermont,  Connecticut,  New  York. 
Botrychium  tenellum  KngsU.  Bot.  Notiser,  =  B.  ramosum  {^pLjuii.), 

Botrychium  tenuifolium  sp.  nov. 

A  slender-stemmed  species  allied  to  B.  obliguum  but  with  the 
segments  thin  and  reduced  to  nine  in  number.  Stem  very  slender, 
2-4  cm.  long,  1-1.5  mm.  thick:  leaf  3.5-5  cm.  long,  3-6  cm. 
wide,  usually  consisting  of  only  nine  segments  (/.  e.,  strictly  biter- 
nate),  with  the  three  divisions  subequal  ;  occasionally  larger  forms 
show  a  pair  of  additional  lobes  on  the  terminal  division  ;  segments 
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ovate,  1. 2-1 5  cm.  long  by  6— 8  mm.  wide,  thin,  sharply  serrate,  or 
in  larger  forms  occasionally  two  or  three  times  incised  ;  petiole 
3-6.5  cm.  long,  very  slender:  panicle  3-6  cm.  long,  bipinnate  or 
rarely  tripinnate  below,  on  a  slender  stalk  6-22  cm.  (usually 
12-14  cm.)  long. 

Specimens  have  been  examined  as  follows  : 

Louisiana  :  Alexandria,  Hale  (Chapman  herbarium),  C  (type). 

Florida  :  **  River  banks,"  C.  Communicated  many  years 
ago  to  Torrey  who  had  endorsed  it :  "  Seems  to  come  near  B, 
simplex  Hitch." 

Alabama  :  Auburn,  1895,  Underwood,  U ;  15  Oct.  1896,  Earle, 
C ;  22  Oct.  1896,  C,  R  Baker,  C  ;  Oct.  1897,  Baker  &  Earle,  C. 

Missouri  :  Butler  county,  4  Nov.  1892,  Bush,  C. 

This  species  is  nearest  related  to  B.  obliquum  which  it  appears 
to  replace  in  the  coastal  plain  of  the  gulf  region.  It  is  much  more 
slender  than  B,  obliquum  and  the  leaf  is  not  only  much  less  divided 
in  mature  forms,  but  is  also  thinner  and  usually  sharply  serrate 
almost  as  in  B,  Japonicum,  Typical  forms  have  only  nine  seg- 
ments to  the  leaf. 
BoTRYCHiUM  TERNATUM  (Thunb.)  Sw.  Schrader*s  Jour.  Hot.  1800* : 

III.     1801. 

Osmunda  ternata  Thunb.  Fl.  Jap.  329.  pi*  32.      1784. 

Japan,  China,  India. 

A  number  of  species  were  referred  to  this  species  as  varieties  by 
Milde,  and  the  practice  is  still  followed  by  some  of  his  modern 
admirers.  There  seems  to  be  no  difference  of  opinion  relative  to 
the  existence  of  the  groups  of  individuals  as  distinct  groups,  the 
only  difference  appearing  to  be  the  rank  that  shall  be  assigned  to 
them.  The  ternatum  group  represents  a  closely  allied  group  of 
forms  that  appear  to  have  become  widely  scattered  from  some 
common  center.  There  is  no  rational  doubt  but  that  they  have  had 
a  common  origin  ;  this  of  course  is  the  only  possible  explanation 
of  their  structural  and  habital  relationship.  Now  where  was  the 
original  center  from  which  they  sprung  ?  According  to  the  system 
that  would  make  them  varieties  of  B,  ternatum  because  that  species 
happened  to  be  the  first  described,  it  would  seem  to  follow  that  that 
centre  was  in  Japan,  otherwise  they  could  not  be  varieties  of  a 
Japanese  species.    The  current  system  of  naming  varieties  is  a  stupid 
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practice  handed  down  to  us  from  the  past  and  is  wholly  at  variance 
with  the  modem  conceptions  of  evolution.  The  original  centre  in 
all  probability  was  not  in  Japan  so  that  the  members  of  the  teruaHim 
group  are  not  varieties  sprung  frpm  B.  tematum,  and  it  creates  % 
£dse  impression  to  continue  to  call  them  so.  They  are  distinct 
tMngs  as  everyone  admits,  and  we  maintain  it  is  more  rational  and 
more  in  accord  with  our  conceptions  of  evolutionary  origin  from  a 
common  stock  to  call  them  species.  It  is  also  much  simpler  and 
leaves  us  free  to  determine  the  original  centre  of  distribution  and  re- 
lationship without  prejudice.  The  practice  of  naming  varieties  on 
slight  environmental  characters  ought  to  cease,  and  botanists  should 
discourage  the  naming  of  such  trivialities.  A  marked  example  of 
how  far  this  reduction  of  species  to  varieties  can  be  carried  is  seen 
in  Dr.  Christ's  reduction  of  Dryopteris  marginalis  and  D,  Goldieana 
to  varieties  of  D,  filix-mas.  For  a  European  who  has  never  seen 
cither  of  the  species  growing  in  its  native  habitat  to  take  such 
liberties  with  American  species  is  to  say  the  least  violating  the  code 
of  international  courtesy  and  ought  to  stand  as  a  warning  to  those 
who  still  hold  to  the  ancient  heresy  that  Europeans  know  more 
about  the  American  flora  than  we  do  ourselves. 
Botrychium  Virginianum  (L.)  Sw.  Schrader's  Jour.  Bot.  1800* : 

III.     1801. 

Osmunda  Vtrgirnana  L.  Sp.  PI.  1064.     1753. 

Botrychium  gracile  Pursh,  Fl.  Am.  Sept.  2:  656.     18 14. 

Botrychium  anthemoides  Presl,  Abh.  Bohm.  Ges.  Wiss.  5 :  323. 

1847. 
Botrychium  Virginianum  Mexicanum  Hook.  &  Grev.  Bot.  Misc. 

3:  222.     1833. 

Botrychium  brachystachys  Kunze,  Linnaea,  18  :  305.     1844. 

Mexico.  Moore  referred  this  to  B,  cicutarium^  which  he  made 
a  subspecies  of  B,  Virginianum,  The  species  or  variety  appears 
to  be  quite  rare  in  collections  although  Mr.  Pringle  once  wrote  me 
that  it  was  quite  common  in  Mexico.  It  is  desirable  that  it  be  com- 
pared in  the  field  with  more  northeastern  types  of  the  species.  The 
region  of  Mexico  has  been  widely  traversed  by  Mr.  Pringle  and 
others  who  have  brought  to  light  a  large  number  of  new  species, 
but  they  have  almost  as  systematically  neglected  to  collect  the 
old  ones,  and  consequently  our  knowledge  of  the  distribution  of 
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Mexican  plants  is  still  lamentably  defective.  The  whole  Mexican 
region  will  have  to  be  gone  over  piecemeal,  and  collections  made 
that  will  give  some  conceptions  of  the  distribution  of  many  of  the 
species  of  that  prolific  country.  Among  them  is  this  Mexican 
representative  of  our  common  rattlesnake  fern  of  which  scarcely 
any  specimens  exist  in  American  collections. 

[The  figures  on  page  49  illustrate  four  species :  /.  /,  ^  = 
Botrychium  Onondagense  ;  /.  j  =  Botrychium  Lunaria  ;  /.  ^,  5  = 
Botrychium  neglecttim  ;  f,  6^  y  =-  Botrychium  tenebrosunt,'] 

Columbia  University, 
25  December  1902. 
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The  Publications  of  the  Department  of  Botany ^  Co- 
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Studies  in  Plant   Hybrids:  The  Spermatogenesis  of  Hybrid  Cotton 

By  William  Austin  Cannon 
(With  Plates  7  and  8) 

Introduction 

Perhaps  the  first  suggestion  that  we  have  as  to  the  possibility  of 
crossing  two  or  more  less  distantly  related  plants  was  given  by 
Camerarius  *  in  his  letter  to  Valentini  on  the  sexuality  of  plants. 
This  was  in  the  year  1694.  In  this  letter  Camerarius  speculates  as 
to  the  effect  of  crossing  the  hemp  {Cannabis)  and  the  hop  {Humu- 
lus),  wondering  whether  the  posterity  of  the  form  used  as  the 
mother  would  by  this  cause  be  altered.  He  did  not  make  the 
cross,  and  in  fact  it  was  not  until  1 760  that  the  first  plant  hybrid 
which  was  of  use  to  science  was  made.  In  that  year  K61reuter,t 
perhaps  the  greatest  as  he  was  the  first  of  hybridizers,  crossed 
Nicotiana  paniculata  $  and  N,  rustica  9  and  obtained  fertile  off- 
spring, and  thus  began  successfully  the  experimentation  which  he 
carried  on  with  so  great  results  for  several  decades. 

The  first  plant  hybrid  thus  empirically  formed  served  a  good 
purpose  by  providing  incontestable  evidence  upon  certain  of  the 
leading  biological  questions  of  the  day.  It  fortunately  was  of  the 
intermediate  type,  and  thus  the  fact  that  both  parents  contributed 
equally  to  the  formation  of  the  hybrid  offspring  demonstrated  at 
once  the  falsity  of  the  evolution  or  preformation  hypothesis,  gave 

*  Camerarius,  Ueber  das  Geschlecht  der  Pflanzen,  translated  from  the  Latin  **  De 
sexu  piantarum  epistola."    (Ostwald*s  Klassiker  der  exakten  Wissenschaften,  105  :  49. 

1899) 

f  Kdlreuter,  Vorl&ufige  Nachricht  von  einigen  das  Geschlecht  der  Pflanzen.  (Ost- 
wald's  Klassiker  der  exakten  Wissenschaften,  41  :  30.     1893. ) 

fThe  preceding  number  of  the  Bulletin,  Vol.  30,  No.  2,  for  Febuary,  1903  (30: 
75-132),  was  issued  28  F  1903,] 
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a  strong  support  to  the  idea  of  sex  in  plants,  and  also  pointed  the 
way  to  the  true  conception  of  fertilization. 

In  addition  Kolreuter,  in  the  course  of  his  long  career  as  a 
hybridizer,  arrived  at  other  results  that  were  of  almost  equal  im- 
portance. For  instance,  he  first  pointed  out  the  meaning  of  the 
visits  of  insects  to  flowers,  and  thus  formed  the  basis  for  Sprengel's 
subsequent  work,  and  he  first  showed  the  significance  of  nectar 
in  this  connection.*  Kolreuter  also  introduced  the*' modem" 
methods  in  experimental  research,  as  a  single  illustration  taken 
from  many  will  suffice  to  show.  He  had  the  mistaken  idea  that 
the  part  of  the  pollen  necessary  to  insure  fertilization  was  the  fluid 
which  he  had  observed  about  it  and  which  he  supposed  originated 
in  the  interior  of  the  grain  and  oozed  out  through  the  pores.  He 
therefore  was  interested  to  learn  how  many  grains  were  required 
to  effect  fecundation.  To  ascertain  this  he  counted  the  grains  in 
a  flower  and  artificially  pollinated  with  a  varying  but  a  known 
number.  In  Hibiscus  Trionum  he  counted  4,863  grains,  and 
found  that  only  50-60  were  necessary  to  fructify  more  than  30 
ovules.  In  Mirabilis  Jalapa  and  M,  longiflora  two  or  three,  or 
only  one  were  required  to  fertilize  the  single  ovule. 

Kolreuter  recognized  all  of  the  important  characteristics  of 
plant  hybrids. t  He  learned  that  species-hybrids  were  as  a  rule 
intermediate  and  uniform,  whichever  race  provided  the  male  or 
female  parent  He  observed  the  fruitfulness  of  variety-hybrids, 
the  sterility  or  lessened  fruitfulness  of  those  between  species,  the 
stronger  growth  of  many  hybrids  and  other  phenomena.  In  his 
experiments  Kolreuter  used  mainly  the  following  genera :  Aqui- 
legia,  Matthiola,  Dianthus,  Melandrium,  Linum^  Malva,  Lavatera^ 
Lobelia^  Nicotiana,  Datura^  Lycium^  Verbascum^  Digitalis  and  Mira- 
bilis, 

About  the  time  that  Kolreuter  was  engaged  in  the  experi- 
mental study  which  gave  such  remarkable  results,  Linne,  ignoring 
that  scientist's  work,  put  forward  theories  in  which  hybrids  played 
a  prominent  role.  And  this  was  done  with  hardly  any  experi- 
mental basis  for  his  ideas.  I  refer  to  Linne's  hypotheses  regard- 
ing the  origin  of  genera  and  species.     According  to  Sachs  (/.  r. 

*  Sachs,  Geschichte  der  Botanik,  440.     1875. 
fFocke,  Die  Pflanzen-MischliDge,  431.     1881. 
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114)  the  doctrine  is  in  brief  this,  in  the  first  place  classes  were 
created,  by  the  subsequent  mixing  of  the  individuals  of  the  differ- 
ent classes  genera  arose,  and  finally  by  the  crossing  of  these 
genera  species  were  differentiated. 

It  was  not  long  however  before  some  practical  tests  were  made 
of  the  relation  of  the  constancy  of  species  to  the  possibility  of 
deriving  fertile  hybrids  by  crossing   them.     Apparently  without 
an  adequate  reason  for  his  belief,  Sprengel  thought  that  crosses 
between  distinct  natural  species  might  be  fertile,  and  he  accord- 
ingly is  pleased  to  discover  means  by  which  plants  may  resist 
hybridizing,  as  for  instance  the  difference  in  season  of  the  matura- 
tion of  the  reproductive  organs.  This  is  considered  by  him  as  a  mi- 
raculous adaptation  for  the  preservation  of  the  purity  of  the  species. 
The  relation  of  Kolreuter's  results  and  methods  to  the  science 
of  his  time  is  so  well  given  by  Sachs  that  I  shall  quote  a  paragraph 
direct  (/.  c.  446):  **  Der  allgemein  theoretische  Werth  von  Koelreu- 
ter's  kunstlichen  Pflanzenbastarden  ist  gar  nicht  hoch  genug  anzu- 
schlagen  ;  die  Vermischung  der  Eigenschaften  der  vaterlichen  und 
mutterlichen  Form  war  der  starkste  Beweis  gegen  die  Evolutions- 
theorie    und    liess  gleichzeitig  einen   tiefen  Blick  in    das   wahre 
Wesen  der  sexuellen  Vereinigung  thun.     Auch  ging  aus  Koel- 
reuter's  zahlreichen  Untersuchungen  sofort  hervor,  dass  nur  ganz 
nahe  verwandte  Pflanzen  und  auch  diese  nicht  immer  einer  gesch- 
lechtlichen  Vereinigung  fahig  sind.  wodurch  die  vagen  Vorstel- 
lungen  Linne's  fur  jeden  Urtheilsfahigen  sofort  beseitigt  wurden, 
wenn  es  auch  immerhin  noch  lange  dauerte,  bis  die  Wissenschaft 
alle  Vortheile  aus  Koelreuter*s  Untersuchungen  zog.     Die  Pflan- 
zensammler  aus  der  Linne'schen   Schule  ebenso,  wie  die  eigent- 
lichen  Systematiker  am  Ende  des  vorigen  Jahrhunderts,  hatten 
kein  Verstandniss  fiir  derartige  Leistungen,  ja  Koelreuter's  Ergeb- 
nissen  zum  Trotz,  verbreiteten  sich  in  der  botanischen  Literatur 
spater  unrichtige  Vorstellungen  iiber  Bastarde  und  ihre  Fahigkeit 
sich  fortzupflanzen  ;  den  Glaubigen  der  Constanzlehre  konnten  die 
Bastarde  ohnehin  nur  unbequem  sein,  sie  storten  ihnen  die  Rein- 
lichkeit  des    Systems    und   passten    zudem    nicht    recht    zu    der 
Annahme,  dass  jede  Species  eine  *  Idee  '  reprasentire.*' 

Whether    hybrids    between   parents    of  different   species    are 
always  sterile,  and  those  between  varieties  always  fertile,  soon 
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became  a  question  of  great  importance,  since  by  this  means  it  was 
hoped  that  a  distinction  between  varieties  and  species  might  be  had. 
Early  in  the  nineteenth  century  the  question  was  taken  up  by 
English  and  later  by  French  botanists  and  since  the  facts  were  not 
well  known  the  bearing  of  them  on  the  question  under  discussion 
was  also  much  in  dispute.  In  England,  Herbert  *  and  Knight  f 
discussed  the  relative  fertility  of  species-  and  variety-hybrids, 
the  latter  author  holding  that  hybrids  from  parents  of  different 
species  are  always  sterile,  but  on  the  other  hand  that  the  varietal 
hybrids  are  always  fertile.  From  the  results  of  his  experiments 
and  study  Knight  concluded  also  that  fruitful  hybrids  indicate 
that  the  parents  are  not  distinct  species,  but  varieties  of  the 
same  species.  Herbert  on  the  contrary  found  that  hybrids  between 
different  species  are  not  seldom  fertile.  As  to  the  significance  of 
this  he  does  not  appear  to  think  the  parents  were  of  the  same 
species,  but  rather  (/.  c,  i6)  that  they  **have  branched  out  from 
one  common  stock  since  the  creation  of  the  world."  He  further 
says  :  **  If  it  be  admitted,  that  diversity  of  species  could  have  been 
produced  by  variations  of  soil,  temperature,  or  humidity,  it  will  be 
readily  understood  that  such  diversity  might  have  been  further 
multiplied  by  hybrid  intermixture,  as  the  species  were  brought 
together  by  the  natural  progress  of  their  diffusion." 

It  will  not  be  necessary  for  the  purposes  of  this  paper  to  enter 
more  into  the  details  of  this  phase  of  the  **  constancy  of  species  " 
doctrine.  The  ground  that  Knight  and  Herbert  threshed  over  in 
England  was  gone  over  again  later  (1862)  in  France  by  Naudin 
and  Godron.J  Finally,  Darwin  §  has  pointed  out  that  not  only 
is  the  fertility  or  sterility  of  a  hybrid  no  criterion  of  the  relationship 
of  the  parents,  but  that  the  hybrid  may  even  be  more  fruitful  than 
either  pure  parent. 

Focke  (/.  c.  443)  says  that  up  to  the  time  of  Nageli  (1865)  the 
knowledge  of  hybrids  was  unconnected  and  fragmentary,  and  that 
this  author  united  and  made  coherent  the  results  of  the  earlier 
hybridizers.     Especially  he  drew  consistent  conclusions  from  the 

*  Herbert,  On  the  Production  of  Hybrid  Vegetables.  Trans.  Hort  Soc.  Lond.  4  : 
15.     1820. 

t  Knight,  Observations  on  Hybrids.     Trans.   Hort.  Soc.  Lond.  4:  367.     1821. 

J  Focke,  Die  Pflanzen-Mischlinge,  441.     1881. 

J  Darwin,  On  the  Origin  of  Species,  Am.  ed.,  235.     1883. 
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facts  gathered  together  by  Gartner.  The  general  conception  of 
hybrids  held  at  the  present  is  based  on  Nageli's  writings.  He 
noted  the  tendency  of  hybrids  to  vary,  and  to  revert,  and  he 
showed  the  value  of  the  reciprocal  cross,  and,  finally,  he  formu- 
lated the  laws  governing  the  action  of  hydrids.  He  also  ob- 
served the  behavior  of  hybrids  in  the  second  and  later  genera- 
tions when  they  were  inbred,  although  the  significance  of  this 
was  of  course  not  appreciated  by  him. 

At  the  time  when  the  work  of  Nageli  was  being  published,  that 
of  Gregor  Mendel  *  had  been  recently  presented  to  the  society  at 
Brunn.  His  main  theme  was  to  account  for  the  behavior  of  hy- 
brids in  the  second  and  later  generations.  It  will  not  be  necessary 
in  this  place  to  present  a  full  account  of  Mendel's  laws  because 
since  their  rediscovery  by  de  Vries,t  Correns,J  and  Tschermak  § 
they  have  been  put  out  unabridged  both  in  their  original  form  || 
and  in  English  translation, T[  and  have  been  explained  by  several 
writers.  **  For  convenience  of  reference  I  shall  however  give  a 
brief  outline  of  Mendel's  results  and  conclusions  taken  mainly 
from  my  previous  paper,  ft 

When  one  pure  form  [A)  is  crossed  with  another  pure  form  (a) 
the  hybrid  of  the  primary  cross  shows  the  A  characters  only. 
When,  however,  the  hybrid  plants  of  this  generation  are  fertilized 

*  Mendel,  Versuche  Uber  Pflanzen-Hybriden.  Abh.  Naturf.  Ver.  Briinn,  4:3. 
1866. 

t  De'  Vries,  Das  Spaltungsgesetz  dcr  Bastarde.  Bcr.  Deuts.  Bot.  Gesells.  18  : 
85.  1900;  Ueber  erbungleicbe  Kreuzungen.  Ber.  Deuts.  Bot.  Gesells.  18  :  435.  1900; 
Snr  les  unites  des  caract^res  sp^cifiques  et  leur  application  a  I'^tude  des  hybrides. 
RcT.  G^n.  Bot.  12  :  257.     1900. 

X  Correns,  G.  Mendel's  Kegel  ilber  das  Verhalten  der  Nachkommenschaft  der 
Rassenbastarde.  Ber.  Deuts.  Bot.  Ges.  18  :  158.  1900  ;  Gregor  Mendel's  **  Versuche 
fiber  Pflanzen-Hybriden  "  unddie  Best^tigung  ihrer  Ergebnisse  durch  die  neuesten  Un- 
tersuchuDgen.     Bot.  Zeit.  58*  :  229.     I9CX>. 

{Tschermak,  Ueber  kiinstliche  Kreuzung  bei  Pisum  sativum,  Zeitschr.  Landw. 
Versuchswesen  Ocsterr.  5  :  465.     1900  ;  Ber.  Deuts.  Bot.  Gesells.  18  :  232.     1900. 

II  Ostwald's  Klassiker  der  exakten  Wissenschaften,  No.  121.     1901. 

^Jour.  Roy.  Hort.  Soc.  Lond.  26:  I.     AUI901. 

**  Bateson  &  Saunders,  Experimental  Studies  in  the  Physiology  of  Heredity.  Rep. 
Evolution  Committee  Roy.  Soc.,  Report  i.  1902;  Emerson,  Agric.  Exp.  Sta.  Neb. 
Rep.  15:  30.  1902;  Spillman,  Science,  II.  16:  709.  1902;  Pop.  Sci.  Month. 
62 :  269.     Ja  1903. 

tt  Cannon,  A  Cytological  Basis  for  the  Mendelian  Laws.  Bull.  Torrey  Club,  29  : 
657.     D  1902 
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among  themselves  and  produce  offspring  the  a  characters  are  seen, 
and  in  a  definite  proportion  to  the  form  bearing  the  A  characters. 
These  constitute  the  hybrids  of  the  second  generation.  If  now 
the  hybrids  of  the  second  generation  are  fertilized  in  such  a  man- 
ner that  plants  with  a  characters  are  crossed  with  those  bearing 
the  same  characters,  and  likewise  plants  bearing  A  characters  with 
forms  like  themselves,  the  resulting  hybrids  will  behave  in  a  man- 
ner characteristic  of  the  respective  cross.  That  is  (i)  the  plants 
with  a  characters  will  be  found  to  transmit  those  characters  only, 
/.  e,  they  are  "  fixed  "  ;  and  (2)  when  the  plants  with  A  characters 
are  fertilized  with  other  plants  bearing  the  same  characters,  that  is 
to  say,  if  inbred,  two  sorts  of  hybrids  will  result :  one  portion  will 
bear  only  the  A  characters,  which  may  be  demonstrated  by  breed- 
ing as  before,  and  one  portion,  apparently  also  with  A  characters 
only,  will  be  found  to  vary  just  as  the  hybrids  of  the  primary  cross 
varied,  i,  e.  this  will  be  really  mixed  or  hybrid.  This  general 
scheme  may  be  better  understood  if  tabulated  as  follows  : 


Generations 
Parent  a     _ 
(ntiild  or 
/em  (lie). 


II 

Ill 

IV 

la 

a 

a 

la 

a  

etc. 


,A{a) 


3< 


2A{a). 


2A(a). 


,eU, 


lA. 


.etc. 


etc. 


Parents 
{male  or 
female). 

Fig.  I.  Explanation:  A^  dominant  character;  a,  recessive  character ;  A(a)y 
a  hybrid  having  both  characters  of  which  {a)  is  masked  by  A, 

Not  only  do  the  hybrids  vary  thus  in  a  regular  manner,  but 
there  is  also  a  definite  proportion  of  recessives  {a),  and  dominants 
{A),  as  the  table  indicates.  That  is,  referring  to  the  table,  in  the 
second  generation  one  fourth  of  the  offspring  is  recessive  (a),  and 
three  fourths  apparently  dominant  (^),  but  really  composed  of  two 
sorts  {A{a) )  one  third  of  these  being  dominant  {A),  two  thirds 
mixed  {A  {a) ).  The  latter  continue  in  the  succeeding  generation  to 
vary  just  as  the  hybrids  of  the  primary  cross  varied,  one  fourth  of 
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their  offspring  being  recessive,  one  fourth  dominant  and  one  half 
mixed. 

The  regularity  in  the  variation  as  just  described  in  the  second 
and  later  generations  is  accounted  for  by  supposing  that  the  hybrids 
of  the  first  generation  organize  germ-cells  which  are  of  pure  descent, 
and  that  these  unite  in  fertilization  according  to  the  laws  of  chance. 
Taking  a  specific  case  by  way  of  illustration,  we  can  imagine  the 
following  to  take  place,  when  the  sex-cells  of  say  the  second 
generation  hybrids  (A(a))  meet  each  other  in  fecundation.  The 
pollen,  which  is  of  pure  descent,  unites  with  the  egg,  which  also  is 
of  pure  descent,  and  the  chances  of  union  may  be  thus  expressed  : 
A  A  ;  A  a  ;  a  A  ;  a  a.  So  that  it  happens,  since  the  anther  forms 
two  sorts  of  germ-cells  and  the  ovaries  also  two  sorts,  that  in  this 
way  one  half  of  the  hybrids  of  say  the  third  generation  will  be 
of  mixed  descent,  and  one  half  pure,  the  latter  being  equally  reces- 
sive and  dominant.  The  results,  as  calculated  by  the  laws  of 
chance,  are  thus  seen  to  be  precisely  the  same  as  what  is  found 
empirically  to  occur. 

Such  may  perhaps  be  considered  the  more  essential  facts  and 
conclusions  of  the  discovery  of  Mendel,  and  upon  them  are  based 
the  two  so-called  **  laws  "  of  Mendel,  namely,  the  law  of  domi- 
nance and  that  of  the  splitting  of  the  hybrid  race. 

Mendel  gives  also,  and  in  much  detail,  the  results  when  the 
pure  parents  of  hybrids  are  separated  by  more  than  one  character, 
as,  for  instance,  by  two  or  three.  But  his  experiments  are  too  ex- 
tensive to  present  here  and  I  can  not  do  better  than  to  quote  from 
the  account  of  them  by  Bateson  (/.  c,  9).  **  In  both  sets  of  experi- 
ments the  numbers  of  individuals  and  their  constitution  *  *  *  were 
consistent  with  the  hypothesis  arrived  at  in  the  case  of  varieties 
differing  in  respect  of  one  character,  namely,  that  each  male  and 
female  cell  of  the  cross-bred  is  pure  in  respect  of  one  character  of 
each  pair  of  characters,  and  is  capable  of  transmitting  this  char- 
acter to  the  exclusion  of  the  opposite  character ;  that  the  repro- 
ductive cells  are,  in  the  cross-breds,  of  as  many  kinds  as  there  are 
possible  combinations  of  pure  characters  (taken  two  or  three 
together,  as  the  case  may  be) ;  and,  finally,  that  each  kind  is 
represented  in  the  cross-breds  on  the  average  in  equal  num- 
bers." 
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In  considering  the  probable  bearing  of  Mendel's  discovery  on 
the  biological  sciences  I  can  do  no  better  than  to  quote  at  some 
length  from  Bateson's  recent  report,  but  of  course  I  shall  not  at- 
tempt to  present  a  summary  of  all  of  this  author's  conclusions. 

Bateson  says  (/.  c.  125):  **  With  the  discovery  of  the  Mendelian 
principle  the  problem  of  evolution  passes  into  a  new  phase.  It 
is  scarcely  possible  to  overrate  the  importance  of  this  discovery. 
Every  conception  of  biology  which  involves  a  knowledge  of  the 
physiology  of  reproduction  must  feel  the  influence  of  the  new  facts, 
and,  in  their  light,  previous  ideas  of  heredity  and  variation,  the 
nature  of  specific  differences,  and  all  that  depends  on  those  ideas 
must  be  reconsidered,  and  in  a  great  measure  modified." 

So  much  for  the  scope  of  the  Mendelian  principle.  Bateson 
then  cites  specific  examples,  well  known  to  breeders  and  scientists, 
which  have  hitherto  been  puzzling  enough  but  which  are  appar- 
ently well  explained  by  the  discoveries  of  Mendel.  Among  these 
may  be  mentioned  (i)  the  skipping  of  a  generation,  (2)  the  appear- 
ance in  a  pure  strain  of  **  rogues,"  and  (3)  the  inability  of  breeders 
to  fix  by  selection  certain  forms.  The  first  is  an  integral  part  of 
the  Mendelian  conception  and  therefore  need  not  be  spoken  of 
further  here.  The  **  rogues "  which  appear  in  apparently  pure 
strains  are  supposed  to  be  recessives,  while  in  such  instances  the 
characters  desirable  for  fixation  are  the  dominant  ones.  And  the 
last  case  will  be  best  explained  by  the  author  himself.  At  page 
131  he  says:  "It  has  long  been  known  to  breeders  that  certain 
forms  cannot  be  fixed  by  selection  indefinitely  continued.  In  other 
words,  though  they  produce  offspring  like  themselves,  they  have 
also  a  large  number  which  do  not  resemble  them. 

**  A  case  of  this  kind  is  seen  in  breeding  crested  canaries.  The 
kind  of  crest  desired  for  exhibition  can,  according  to  canary-fan- 
ciers, be  produced  most  easily  by  mating  crested  birds  with  non- 
crested,  or  plain  heads  as  they  are  called.  If  it  is  supposed  that 
the  crested  character  is  usually  dominant,  we  have  a  simple  expla- 
nation. When  crested  birds  are  bred  together  a  number  of  birds 
are  produced  whose  crests  are  coarse  and  stand  up  and  others 
without  crests.  The  latter  are  the  recessives  ;  the  former  we  may 
suppose  to  be  the  pure  dominants.  What  the  fancier  wants  is  a 
crest  composed  of  long  feathers  lying  evenly  down  over  the  head. 
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These  may  be  the  heterozygotes,*  and  consequently  cannot  breed 
true  or  be  fixed  by  selection.  Such  birds  bred  together,  give  many 
plam  heads  and  birds  with  coarse  crests." 

Bateson  also  speaks  of  the  relation  of  other  phenomena  to  the 
Mendelian  conception,  such  as  continuous  or  discontinuous  variation^ 
prepotency  and  the  determination  of  sex,  but  it  will  not  be  necessary 
in  this  connection  to  quote  more  at  length. 

Although  the  foregoing  account  of  the  relation  of  the  history 
of  hybridizing  to  that  of  the  other  biological  sciences  is  from 
necessity  an  outline  only,  I  think  it  can  be  seen  that  hybridiza- 
tion has  at  various  times  played  an  important  role,  and  occasionally 
a  definitive  one,  in  aiding  the  solution  of  perplexing  biological 
problems. 

The  Results  of  Experimental  Hybridization 
Florists  and  gardeners  have  long  employed  the  crossing  of 
closely  related  plants  f  as  a  means  of  obtaining  new  and  useful 
races  and  it  is  without  doubt  largely  due  to  them  that  so  much  is 
at  present  known  about  the  behavior  of  plant  hybrids.  To  the 
practical  as  well  as  to  the  theoretical  hybridizer  the  manner  of  the 
transmission  of  the  parental  characters,  the  fertility  or  sterility  of 
the  hybrid,  and  the  variation  of  the  hybrid  race  are  of  the  highest 
importance. 

The  variation  in  hybrids  is  dependent  on  the  manner  in  which 
they  reproduce  parental  characters.  These  characters  may  be 
blended  in  the  hybrid,  they  may  be  associated  in  a  variety  of  ways, 
or  the  hybrid  may  recapitulate  in  detail  the  characters  of  either  par- 
ent Moreover,  the  hybrid  of  the  primary  cross  may  show  variation 
to  a  different  degree  from  that  of  the  second,  or  of  the  later  genera- 
tions. The  phenemona  in  the  first  generation  are  the  essentials 
of  what  is  commonly  understood  by  the  term  hybrid,  and  as  such 
are  described  in  all  literature  of  the  subject ;  the  behavior  of  the 
hybrids  in  the  second  and  following  generations,  although  of  the 
greatest  importance,  has  been  little  studied. 

♦By  ♦* hcterozygole "  is  evidently  meant  a  hybrid,  apparently  only  dominant,  but 
really  with  both  opposing  characters  ("allelomorphs"  of  Bateson,  **Paarlings"  of 
Conrens)  united  to  form  the  **  zygote  "  ;  in  the  **  homozygotes,"  on  the  other  hand  the 
characters  of  the  pair  are  alike. 

t  Compare  Richard  Bradley's  **  New  Improvements  of  Planting  and  Gardening, 
both  Philosophical  and  Practical,''  p.  l6.     London,  1726. 
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The  variations  of  the  hybrids  are  many  and  complex,  and  it 
would  be  impossible  as  well  as  unnecessary  for  the  purposes  of 
this  paper  to  attempt  to  present  anything  like  a  full  account  of  the 
subject,  much  less  to  give  a  very  complete  list  of  hybrids  to  illus- 
trate the  variations.  What  I  shall  give  is  largely  drawn  from  the 
work  of  Focke  already  quoted,  and  a  shorter  one  by  Swingle  and 
Webber,*  although  I  shall  not  confine  myself  wholly  to  these 
sources. 

The  characters  of  the  parents  may  be  perfectly  blended  in 
the  hybrid  so  that  neither  parent  is  **  favored  "  {Datura  Metel  x 
D,  meteloides^  Gcum  intermedium  t).  In  other  cases  the  hybrid 
may  not  be  intermediate  but  may  exhibit  all  grades  of  the  char- 
acters by  which  the  parents  are  distinguished  from  each  other 
(Abutilon  hybrids),  even  reproducing  in  great  detail  either  parent 
{Hieracium  hybrids,  those  of  the  maize,  Cytisus  AdamiX  and 
the  pods  of  some  hybrid  peas,  etc.  §).  Or  the  hybrid  may 
show  the  characters  of  either  parent  without  intermediate  grades 
(strawberry  hybrids).  The  foregoing  refers  to  the  behavior  of 
the  hybrids  of  the  first  generation,  or  those  of  the  primary  cross  ; 
in  the  second  generation  the  variations  are  equally  well  marked. 

In  the  second  generation  the  hybrids  that  were  intermediate 
and  uniform  in  the  first  one  may  remain  so  {Gcum  intermedium, 
Burbank's  raspberry-dewberry  hybrid).  Or  such  hybrids  may 
vary  (^Nicotiana  rustica  x  N.  paniculatd).  Hybrids  which  present 
variations  in  the  first  generation  tend  to  become  more  variable  in 
the  second  and  third  generations.  Those  that  in  the  first  genera- 
tion resembled  either  parent  may  continue  to  revert  in  a  similar 
manner  (strawberry  hybrids),  or  an  intermediate  condition  may  be 
present  in  addition  to  the  extreme  racial  forms  {Datura  Metel  x  D, 
meteloides). 

Another  phase  of  variation  is  found  in  the  changes  that  a 
hybrid  may  exhibit  in  the  course  of  its  life,  or  ontogeny.  In  the 
earlier  stages  it  may  show  the  characters  of  one  parent,  and  in 

*  Swingle  &  Webber,  Hybrids  and  their  Utilization  in  Plant  Breeding.  Yearb. 
U.  S.  Dep.  Agric.  1897  •  S^S-     1898. 

t  Salter,  On  the  Fertility  of  certain  Hybrids.     Phytologist,  4  :  737.     1852. 

J  Farmer.     Ann.  Bot.  xi  :  538.     1897. 

§  Tschermak,  Weitere  Beitrftge  iiber  Verschiedenwerthigkeit  der  Merkmale  bei 
Kreuzung  von  Erbsen  und  Bohnen,      Ber.  Deuis.  Bot.  Gesells.  19  :  35.     I901. 
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the  later  ones  those  of  the  other.  For  example,  hybrid  Tropeolum 
which  was  intermediate  at  the  beginning  of  the  season,  reverted 
later  to  the  mother  form  with  intermediate  grades  *  ;  in  spring  the 
leaves  of  hybrid  Cistus  and  Populus  may  show  characters  of  one 
of  the  parents,  and  in  the  autumn  those  of  the  other ;  or  in  other 
hybrids  {Melatidrium  album  x  M,  rubrum,  Epilobium  roseum  x  E, 
montanuni)  the  flowers  may  change  during  the  blossoming  from  the 
characters  of  one  parent  to  those  of  the  other ;  or  this  may  take 
place  in  different  years  {Bletia  crispa  x  B,  cinnabarifia,  Galium 
cimreum  x  G,  veruni). 

In  another  sort  of  hybrids  the  parental  characters  may  reap- 
pear side  by  side  —  these  are  the  so-called  "mosaic"  hybrids. 
They  usually  result  from  the  union  of  closely  related  parents. 
As  a  single  example  of  mosaic  plant  hybrids,  that  produced  by 
crossing  Rhododendron  Rhodora  x  R.  calendulaceum  may  be  cited. 
In  this  case  the  flower  has  the  colors  of  the  flowers  of  both  par- 
ents, and  these  are  reproduced  unchanged  and  stand  side  by  side. 
Darwin  f  gives  an  example  of  an  interesting  mosaic  animal  hybrid. 
He  says  **the  hairless  condition  of  the  Paraguay  dog  is  either  per- 
fectly or  not  at  all  transmitted  to  its  mongrel  offspring  ;  but  I  have 
seen  one  partial  exception  in  a  dog  of  this  parentage  which  had 
part  of  its  skin  hairy,  and  part  naked ;  the  parts  being  distinctly 
separated  as  in  a  piebald  animal." 

Occasionally  the  hybrids  are  invariable  and  come  true  to  seed. 
Such  a  one  is  the  Oenothera  hybrid  of  de  Vries,J  formed  by  the 
union  of  O,  rubrinervis  and  0.  nanella,  which  has  been  grown 
several  generations  without  reversion.  Another  case  may  be 
mentioned  out  of  many,  namely,  that  of  the  Geum  hybrid  already 
referred  to.  This  plant  is  a  natural  hybrid  in  certain  parts  of 
England,  and  was  formerly  supposed  to  be  a  distinct  species. 
Salter  §  reproduced  the  hybrid  by  crossing  G.  rivale  and  G, 
urbanum.  All  of  these  hybrids  were  uniform  and  intermediate, 
and  came  true  to  seed  for  many  generations. 

Still  another  class  of  inheritable  characteristics  may  well  be 
mentioned  ;  I  refer  to  the  transmission  of  such  characters  as  hardi- 


*  Darwin,  Animals  and  Plants  Under  Domestication,  Am.  ed.,  i  :  470.     1868. 

t  Darwin,  /.  ^.  2  :  1 17. 

JDc  Vries,  Die  Mutationstheorie,  i  :  461.     1901. 

§  Salter,/,  c,  739. 
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ness,  or  the  reverse  of  this,  the  ability  to  withstand  warmer  cli- 
mates. Of  the  former  the  hybrid  between  Montbretia  Pottsii  and 
Tritonia  aurea  is  given  by  Swingle  and  Webber  (/.  c,  414),  who  also 
present  the  Le  Conte  and  Kieffer  pears  as  examples  of  the  latter. 
These  writers  say  (/.  c.  416)  that  the  ''adaptability  of  the  Kieffer 
and  Le  Conte  pears  to  growth  in  warmer  climates  is  doubtless 
derived  from  the  mother,"  that  is,  the  Chinese  sand  pear.  The 
ability  to  resist  diseases  is  another  transmissible  character.  The 
French  varieties  of  grapes  have  been  made  resistant  to  phylloxera 
by  crossing  with  hardy  American  forms.  The  hybrid  may  also 
be  different  from  either  parent  in  qualities  analogous  to  the  above. 
For  example,  it  may  be  more  vigorous  than  either  parent,  or  may 
attain  a  larger  size.  Such  variations  are  found  in  the  offspring  of 
closely  related  plants.  The  walnut  hybrid  of  Burbank  {Juglans 
regia  X  /.  Califomicd),  mentioned  by  Swingle  and  Webber,  "grows 
twice  as  fast  as  the  combined  growth  of  both  parents.  ♦  *  * 
The  wood  is  very  compact,  with  lustrous,  silky  grain,  taking  a 
beautiful  polish,  and  as  the  annual  layers  of  growth  are  an  inch 
or  more  in  thickness  and  the  medullary  rays  prominent,  the  effect 
is  unique.*' 

We  shall  take  up  now  briefly  the  relative  sterility  or  fertility 
of  hybrids,  and  what  is  closely  associated  with  it,  the  limits  of  a 
cross. 

Focke  *  says  that,  as  a  general  rule,  "  je  naher  die  morpholog- 
ische  und  systematische  Verwandtschaft  der  Stammformen  ist,  um 
so  weniger  pilegt  das  geschlechliche  Fortpflanzungsvermogen  der 
Mischlinge  von  der  Norm  abzuweichen ;  je  femer  die  Stammformen 
einander  stehen,  um  so  mehr  zeigt  sich  durchschnittlich  die  Frucht- 
barkeit  der  Mischlinge  geschwacht." 

Increased  or  total  sterility  is  brought  about  in  various  ways,  as 
for  example,  there  may  be  no  pollen  and  no  good  seeds  produced, 
or  there  may  be  a  smaller  amount  of  either  than  in  the  pure  parents. 
Focke  says  that  no  peculiarity  of  hybrids  has  attracted  so  much 
attention  as  the  lessening  of  the  power  of  sexual  reproduction, 
and  it  has  been  pointed  out  how  important  this  fact  was  for- 
merly supposed  to  be  in  its  relation  to  the  limits  of  species  and 
varieties.     Darwin  (/.  c.l\  218)  says  that  •*  the  sterility  of  distinct 

*  Focke,  Die  Pflanzen-Mischlinge,  489.     1881. 
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species  *  *  *  and  that  of  their  hybrid  offspring,  graduates,  by  an 
almost  infinite  number  of  steps,  from  zero  *  *  *  up  to  complete  fertil- 
ity." Focke  (/.  c,  477)  gives  genera  or  families  that  illustrate  the 
variation  of  plants  as  regards  the  fertility  of  their  hybrid  offspring. 
The  hybrids  of  Papcwer^  Viola,  Verbascum  and  Digitalis  are  slightly 
fruitful ;  those  oi  Anemone,  Nicotiana,  Mentha,  Crinutn,  the  Cucurbi- 
taceae  and  the  Passifloraceae  are  often  so ;  while  in  the  following 
there  are  more  fruitful  than  unfruitful  hybrids  :  Aquilegia,  Dianthus, 
Pelargonium,  Geum,  Epilobium,  Fuchsia,  Cotyledon,  Begonia,  Cir- 
sium.  Erica,  Rhododendron,  Calceolaria,  Quercus,  Salix,  Gladiolus, 
Hippeastrum,  the  Gesneriaceae  and  the  Orchidaccae.  While  the 
crosses  between  distinct  species  produce  hybrid  progeny  that  are 
variable  as  regards  the  quality  of  fertility,  it  seems  that  nearly 
all  hybrids  from  plants  more  distantly  related  are  wholly  sterile. 
As  an  example  of  fertile  bigeneric  hybrids,  however,  the  well-known 
Aegilops  wheat  may  be  cited ;  but  this  rule  is  apparently  invari- 
able as  regards  the  few  that  have  parents  from  different  families. 

When  the  abnormal  condition  of  the  male  reproductive  organs 
causes  sterility,  as  is  likely  to  be  the  case,  this  infertility  may  be 
brought  about  by  a  variety  of  structural  causes.  The  anthers  may 
contain  pollen  but  dehiscence  may  not  take  place  to  allow  the 
pollen  means  of  escaping,  or  pollen  may  be  entirely  wanting.  In 
speaking  of  this  question  Focke  (/.  c.  478)  says  that  '*  in  andern 
Fallen  besteht  der  Bliithenstaub  aus  kleinen  pulverigen  bei  Anfeuch- 
tung  nicht  quellendcn  Kornern  von  ungleicher  Form  und  Grosse, 
denen  gewonlich  einzelne  wohlgebildete  keimfahige  Pollen- 
zellen  beigemischt  sind."  The  conclusion  in  this  case  is  that 
the  abnormal  pollen  is  the  cause  of  sterility  and  that  the  normal 
only  is  functional.  Also,  according  to  Duchartre  *  Naudin  made 
the  observation  that  the  relative  fertility  of  hybrids  was  en  rapport 
with  the  number  of  normal  pollen-grains  formed  in  the  hybrid. 

Another  and  much  less  usual  cause  of  sterility  is  found  in  the 
apparent  incapacity  of  the  female  organs  to  be  fecundated,  but  in 
many  such  cases  it  may  be  that  there  is  no  morphological  defect 
in  the  ovule.  Such  a  hybrid  may  sometimes,  or  usually,  be  fruit- 
ful if  fertilized  by  another  plant  of  the  same  strain,  or  by  one  of 
the  parents,  and  it  is  occasionally  fertile  when  self-fertilized,  or 

•Duchartre.     Ann.  Sci.  Nat.  Bot.  IV.  19:  129.    1863. 
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when  pollinated  by  a  plant  of  the  same  sort  {Rubus  caesius  x  R^ 
Idaeus), 

Besides  the  forms  of  sterility  that  result  from  imperfect  sexual 
organs  an  infertile  condition  may  also  result  from  other  causes. 
For  instance,  in  unisexual  flowers,  the  male  buds  may  fall  away, 
as  in  the  Cucurbitaceae  and  the  Bignoniaceae,  or  in  some  hybrids. 
Pelargonium  and  Digitalis  (A  lutea  x  D.  purpurea  tubiflora  Lindl.), 
the  anthers  may  be  so  transformed  that  the  flowers  are  hermaphro- 
dite. Finally,  sterility  may  manifest  itself  in  the  reluctance  with 
which  hybrids  produce  flowers,  as  in  those  of  Rhododendron,  Epilo- 
bium,  Cereus  and  Hytnenocallis,  but  Focke  (/.  c,  477)  says  that 
these  are  rare  exceptions,  since  as  a  rule  hybrids  flower  earlier  and 
more  profusely  than  pure  species. 

As  to  the  relation  between  vegetative  vigor  and  relative  fruit- 
fulness  of  hybrids,  Swingle  and  Webber  (/.  c,  412)  say  that  in 
some  cases  **  the  increase  in  vegetative  vigor  secured  by  crossing 
distinct  species  is'  at  the  expense  of  fertility,  but  this  is  by  no 
means  true  in  all.  Focke  says  that  *  it  was  formerly  thought  that 
the  diminished  sexual  fruitfulness  is  compensated  by  a  greater 
vegetative  luxuriance,  a  statement  the  untenableness  of  which,  as 
Gartner  showed,  is  most  plainly  demonstrated  by  the  fact  that 
many  of  the  most  fruitful  crosses  {Datura^  Mirabilis)  are  also  dis- 
tinguished by  a  most  gigantic  growth.*  On  this  subject  Fritz 
Miiller  also  says :  *  So  far  as  my  experience  goes,  the  hybrids 
which  grow  the  most  luxuriantly  are  generally  the  most  fruitful.'  " 
Although  other  instances  illustrating  this  principle  might  be  given 
it  will  suffice,  I  think,  to  mention  the  remarkable  walnut  hybrid 
which  Burbank  succeeded  in  producing  from  the  English  form  and 
the  California  one.  This  was  referred  to  above  (page  144).  In 
this  hybrid  not  only  is  there  a  great  vigor  of  growth  but  the  fruit 
is  also  unusually  large  and  probably  very  abundant. 

There  appears  to  be  no  relation  between  the  ease  of  making 
a  cross  and  the  fertility  of  the  resulting  form,  but  as  a  rule,  the 
nearer  the  relationship  of  the  parental  forms  the  more  readily  will 
they  be  crossed.  Strasburger,*  in  commenting  on  this  subject, 
says  :  *'  Manche  Familien  neigen  leichter  dazu  (Solanaceen,  Caryo- 
phyllaceen,  Irideen   u.   s.  w.),  andere  bilden  nur  schwierig  oder 

*  Strasburger,  Lehrbuch  der  Botanik,  Ed.  5,  248.     1902. 
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uberhaupt  keine  Bastarde  (Papilionaceen,  Coniferen,  Urticaceen, 
Convolvulaceen  u.  s.  w.).  Dasselbe  abweichende  Verhalten  findet 
sich  unter  verwandten  Gattungen  und  Arten  vor.  Weinreben, 
Weiden,  Dian tkus- Arten  sind  leicht,  Si/ene-Arten  schwer,  die  von 
Nicoiiana^  Verbascutn,  Geum  leicht,  die  Arten  von  Solatium^ 
Linaria,  Potentilla  dagegen  schwer  unter  einander  zu  bastardiren. 
Eine  Hybridisirung  von  nahe  verwandten  Arten  will  oft  nicht  gelin- 
gen  (z.  B.  Apfel-  und  Birnbaum),  dagegen  lassen  sich  Pfirsich  mit 
Mandel,  ja  sogar  Species  der  verschiedenen  Gattungen  Lychnis  und 
Silene,  Rhododendron  und  Azalea,  Aegilops  und  Triticum  kreuzen^ 
je  nach  ihrer  *sexuellen  Affinitat/  " 

The  suggestion  of  Strasburger  that  crosses  between  mosses 
and  ferns  cannot  take  place  because  of  the  difference  in  the  chem- 
ical nature  of  the  fluids  attractive  to  the  spermatozoids  of  the  two 
forms,  may  be  a  fruitful  one  when  applied  to  other  plants  that  are 
difficult  or  impossible  to  cross.  That  is,  the  substance  that  attracts 
spermatozoids,  or  the  pollen-tube,  may  vary  with  the  plant,  and 
instead  of  attracting  may  even  repel  them.  So  far  as  I  know  the 
course  of  the  pollen-tube  in  plants  that  are  nearly  enough  related 
for  crossing,  but  which  refuse  to  be  crossed,  has  not  been  traced,, 
and  it  is  possible  that  here  may  be  found  one  reason  why  certain 
reciprocal  crosses  will  not  take  place,  why  nearly  related  plants 
may  sometimes  not  be  crossed,  and  also  why  one  sort  of  pollen  is 
•*  prepotent "  over  another  sort.  That  the  pollen-tube  responds  to 
such  stimulus  in  the  course  of  its  wanderings  most  sensitively  is 
well  shown  by  Lloyd's  account*  of  its  behavior  in  Diodia  and 
Richardsonia,  There  may  be  other  factors,  as  Veriion  f  has  found 
that  the  relative  maturity  of  the  sexual  elements  in  some  echino- 
derms  is  of  great  importance  when  the  number  of  successful 
crosses,  and  even  the  effect  of  each  parent  on  the  offspring,  are 
concerned. 

While  it  is  perfectly  true  that  only  nearly  related  forms  as  a 
rule  may  be  crossed,  there  are  many  instances  where  hybrids 
have  been  made  whose  parents  were  generically  and  even  more 
remotely  separated.  These,  as  was  mentioned  above,  are  usually 
wholly  sterile.     A  few   such   hybrids   may  be  mentioned    here. 


*  Lloyd.     Mem.  Torrcy  Club,  8  :  88.     1902. 

fVemon,  Hybrid  Echinoid  Larvae.     Proc.  Roy.  Soc.  63  :  228.     1898. 
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Gladiolus  blandus  Sol.  of  the  lily  family  was  fertilized  with  pollen 
of  Hippeastrum  sp.  and  seeds  were  formed  that  produced  four 
hybrids,  all  of  which  were  presumably  sterile  (Focke,  /.  c,  388). 
The  same  author  says  that  Digitalis  ambigua  of  the  Scrophulari- 
aceae  was  crossed  by  Campbell  with  pollen  of  Sinningia  speciosa 
of  the  Gloxiniaceae,  and  of  the  seeds  that  were  formed  only  one 
produced  a  plant,  and  that  one  was  sterile.  The  limits  for  any 
cross  are  thus  set  by  related  families,  but  as  has  already  been 
shown  the  limits  bounded  by  the  fertility  of  the  offspring  are  much 
narrower. 

Studies  of  the  Spermatogenesis  and  Structure  of  Hybrids 
A  few  morphological  studies   of  hybrids    have   been  made 
which  may  now  be  briefly  referred  to.     I  shall  speak  first  of  the 
work  on  the  gametogenesis  of  hybrids. 

Juel  *  studied  the  spermatogenesis  of  Syringa  Rothomagensis^ 
and  as  a  leading  result  found  that  the  maturation  mitoses  were 
irregular  and  abnormal,  although  in  some  respects  certain  of  the 
mitoses  reported  by  him  approach  the  usual  or  normal  type.  The 
abnormalities  in  the  tetrad  formation  are  classified  and  summarized 
by  him  as  follows  : 

A.  In  friiheren  Entwickelungsstadien  auftretend  : 

1.  Verkiimmem   der  Pollenmutterzellen   beim    Eintritt 

des  Spiremstadiums ; 

2.  Durchschniirung  des  Kernes  der  Pollenmutterzelle  im 

Spiremstadium ; 

B.  Bei  der  Tetradentheilung  auftretend  : 

3.  Durchschniirung  der  Kerne  ; 

4.  Erste  Kerntheilung  indirect,  aber  in  Bezug  auf  das 

Verhalten  der  Chromosomen  abnorm  ; 

5.  Achromatische  Kernfigur  abnorm  ; 

6.  Ein  Theil  des  Chromatins  im  Cytoplasma  zerstreut  ; 

C.  An  den  Tetraden  beobachtet : 

7.  Ueberzahlige  Tetraden.  Wahrscheinlich  aus  2  hervor- 

gegangen. 

8.  Ueberschiissige  Kerne  in  den  Zellen   der   Tetrade. 

Wahrscheinlich  aus  6  hervorgegangen. 


^Juel,  BeitrSge  zur  Kenntniss  der  Tetradentheilung.     2.  Die  Tetradentheilung 
bei  einer  hybriden  Pflanze.     Jahrb.  Wiss.  Bot.  35  :  638.     1900. 
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I  wish  to  call  attention  especially  to  number  6  of  the  above 
table,  namely,  to  that  form  of  irregularity  in  the  distribution  of 
the  chromosomes  by  which  a  portion  of  them  are  thrown  out  of 
the  nucleus,  a  portion  only  remaining.  The  result  of  this  might 
be,  as  Juel  suggests,  that  the  nucleus  of  the  tetrad  would  contain 
chromatin  of  pure  descent,  that  is,  chromatin  derived  from  one 
and  not  from  both  parents. 

Guyer  *  has  studied  the  spermatogenesis  of  hybrid  pigeons  and 
of  hybrid  cannas  and  found  in  both  cannas  and  pigeons  similar 
mitoses  ;  consequently  it  will  be  necessary  to  speak  only  of  the 
mitoses  in  the  hybrid  pigeon.     I  shall  quote  direct  (/.  r.  312): 

"  In  the  spermatogenesis  of  hybrid  pigeons  several  abnormali- 
ties are  manifested.  These  may  be  classified  conveniently  under 
three  heads:  (i)  abnormalities  in  the  structure  of  the  spermato- 
zoa ;  (2)  abnormalities  in  mitoses ;  (3)  degeneration  of  the  ger- 
minal cells.  Abnormalities  in  the  spermatozoan  structure  were 
present  in  sterile  hybrids,  the  most  noticeable  feature  being  a  vari- 
cosity or  swelling  about  the  middle  of  the  head.  In  tracing  the 
development  of  the  spermatozoa,  this  curious  modification  was 
found  to  be  due  apparently  to  a  lack  of  development  of  the  head ; 
the  nucleus  did  not  elongate  completely  as  in  normal  spermato- 
genesis. Abnormalities  in  mitosis  were  marked  in  both  fertile  and 
sterile  hybrids.  Large  numbers  of  multipolar  spindles  were  pres- 
ent. These  were  usually  of  the  tripolar  type.  Occasionally  two 
distinct  and  separate  spindles  occurred  in  one  cell  The  sperma- 
tocytes of  the  first  order  were  the  cells  that  showed  this  phenom- 
enon to  the  greatest  extent.  In  the  normal  pigeon  the  chromo- 
somes in  the  spermatogonia  are  sixteen  in  number  and  in  the 
primary  spermatocyte  eight.  The  latter  are  laid  down  in  rings  and 
each  is  evidently  double.  On  the  spermatogonia  of  the  hybrid 
there  were  sixteen  chromosomes  and  in  the  primary  spermatocyte 
often  more  than  eight.  In  the  latter  there  may  be  several  of  the 
large  double  type  and  a  number  of  smaller  rings,  or  sixteen  small 
ring  chromosomes  may  occur.  If  sixteen  rings  were  present  they 
were  usually  located  on  two  separate  spindles,  eight  to  each  spindle. 

*  Gayer,  Spennatogenesis in  Hybrid  Pigeons.  Science,  II.  ii  :  248,  312.  19CX); 
Some  Notes  on  Hybridism,  Variation  and  Iiregularities  in  the  Division  of  the  Germ- 
cell.     Science.     II.  15  :  530.     1902. 
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Another  peculiarity  in  the  mitosis  was  the  frequent  inequality  in 
the  division  of  the  chromosomes,  in  some  instances  only  about 
one  fourth  of  a  chromosome  going  to  one  pole.'*  At  page  248 
he  concludes  that  **  these  peculiarities  in  chromosome  formation 
may  point  perhaps  to  a  tendency  in  the  chromatin  of  each  parent 
species  to  retain  its  individuality.  If  such  is  the  case,  then  in 
those  cells  with  two  spindles  each  bearing  eight  chromosomes, 
it  is  evident  that  after  division,  some  of  the  new  cells  will  have 
chromatin  from  only  one  of  the  original  parent  species,  and  some 
from  the  other.  Some  of  the  spermatozoa,  therefore,  will  bear 
chromatin  from  only  one  of  these  species.  It  is  a  well-known 
fact  that  the  offspring  of  hybrids  are  extremely  variable,  a  portion 
of  these  variations  being  usually  in  the  form  of  reversions  to  one 
or  the  other  of  the  parent  species.  The  possibility  presents  itself 
then,  that  this  reversion  may  be  due  to  the  persistence  of  the 
chromatin  of  only  one  species  in  one  or  both  of  the  germ  cells. 
Carrying  the  conception  still  further,  the  other  variations  in  the 
offspring  of  hybrids  may  be  due,  perhaps,  to  the  varying  propor- 
tions of  the  chromatin  of  each  species  in  the  mature  germ  cells." 

And,  finally,  Metcalf*  has  studied  the  spermatogenesis  of 
hybrid  Gladiolus,  He  finds  a  condition  analogous  to  the  two- 
spindle  nuclei  of  hybrid  pigeons  in  all  of  the  pollen-mother-cells 
of  the  hybrid,  and  he  also  concludes  from  this  that  the  two  groups 
of  chromosomes  represent  maternal  and  paternal  derivatives  re- 
spectively.    It  is  not  stated  whether  the  hybrid  is  a  fertile  one.f 

In  addition  to  the  cytological  studies  as  above  outlined,  some 
work  on  the  structure  of  hybrids  has  also  been  done.  This  may 
be  summarized  in  the  following  paragraphs. 

Macfarlane  %  conducted  an  extensive  series  of  investigations  on 
the  minute  anatomy  of  several  hybrids,  his  main  result  being  that 
all  of  the  hybrids  which  he  studied  wiere  intermediate  in  structure, 

*  Metcalf,  Certain  Problems  Relating  to  the  Individuality  of  Chromosomes.  Proc. 
Neb.  Acad.  Sci.  7  :  109.     N  1901  (read  before  the  Academy,  N  1900). 

f  Metcalf  in  a  private  letter  assures  me  that  the  hybrid  Gladiolus  is  fertile. 

t  Macfarlane,  The  Microscopic  Structure  of  Hybrids.  Card.  Chron.  III.  7:  543. 
1890 ;  A  Comparison  of  the  minute  Structure  of  Plant  Hybrids  with  that  of  their  Parents, 
and  its  bearing  on  biological  problems.  Trans.  Roy.  Soc.  Edinb.  37I  :  203.  1892 ; 
Observations  on  Pitchered  Insectivorous  Plants.  Ann.  Bot.  7  :  445.  1893  ;  Observa- 
tions on  some  Hybrids  between  Droiera  filiformis  andZ).  intermedin.  Contr.  Bot.  Lab. 
Univ.  Penn.  2:  87.     1898. 
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even  in  the  details,  and  his  conclusion  that  the  parents  share 
equally  in  transmitting  their  respective  characters. 

Farmer  *  studied  the  structure  of  Polypodium  Schneideri,  which 
is  a  hybrid  between  P,  aureum  and  P.  vulgare.  The  hybrid  was 
reproduced  by  Farmer.  The  study  showed  the  hybrid  was  not 
strictly  intermediate  either  in  form  or  structure. 

In  the  following  section  of  this  paper  I  shall  consider  the  rela- 
tion of  the  results  of  the  cytological  studies  of  hybrids  as  above 
outlined,  as  well  as  of  my  own  to  be  given  later,  to  the  variation 
of  the  hybrid  race,  but  I  may  refer  in  this  place  to  one  or  two 
considerations  in  connection  with  the  possible  bearing  of  the  struc- 
tural studies  on  the  same  topic.  It  is  to  be  noted  that  Macfarlane 
studied  only  intermediate  forms,  but  on  the  other  hand  the  fern 
hybrid  of  Farmer's  investigations  was  intermediate  neither  in  form 
nor  in  structure.  These  apparently  contradictory  results  raise  the 
very  interesting  question,  are  hybrids,  whether  intermediate  in  form 
or  not,  always  so  in  structure  ?  Or  can  it  be  that  variation  in 
form  is  also  associated  with  differences  in  structure  ?  A  careful 
histological  study  of  hybrids  that  are  clearly  not  intermediate,  as 
for  instance  those  following  Mendel's  Pisum-type  could  not  fail  to 
give  most  interesting  results.  And  it  may  be  added  that  the 
results  from  such  study  might  be  of  importance  in  determining  the 
hybrid  status  of  the  form. 

The  Relation  of  the  Cytological  to  the  Experimental 
Studies  of  Hybrids 
The  task  of  the  cytologist  in  the  study  of  plant  hybrids  is 
primarily  that  of  observing  the  relation  of  the  manner  of  forma- 
tion of  the  sex-cells  to  the  variation  of  the  hybrid  itself,  and  it 
should  for  that  reason  include  the  study  of  hybrids  which  have 
yielded  definite  results  from  experiment,  such  forms,  for  example, 
as  the  Pisum-type,  Owing  however  to  the  recentness  of  the  dis- 
covery of  the  Mendelian  laws,  studies  of  this  character  have  not 
been  carried  on,  as  far  as  I  know,  and  conclusions  to  Cover  special 
cases  of  variation,  for  instance  the  Ptsuin-Xype,  must  therefore  be 
regarded  as  tentative  merely.  Beyond  this,  general  considera- 
tions, such  as  the  fertility  or  infertility  of  the  hybrid  and  the  form 

♦Fanner,  On  the  Structure  of  a  Hybrid  Fern.     Ann.  Bot.  ii  :   533.     1897. 
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of  nuclear  division  in  it,  may  give  grounds  for  interesting  and 
legitimate  conclusions.  It  is  of  course  only  these  general  consid- 
erations that  I  can  take  up  in  the  present  paper. 

From  the  summary  of  Juel's  work  on  the  Syringa  hybrid  it 
was  seen  that  all  of  the  maturation  divisions  were  more  or  less 
abnormal.  What  may  perhaps  be  considered  the  nearest  approach 
to  the  normal  division  observed  in  this  hybrid  was  an  apparently 
typical  achromatic  figure  accompanied  by  many  small  chromosomes, 
which  were  therefore  not  like  those  of  heterotypic  nuclear  mitoses, 
and  which  did  not  split  in  the  metaphase.  And  it  is  of  interest  to 
note  that  Syringa  is  probably  a  sterile  hybrid. 

Turning  now  to  the  results  of  Guyer  from  the  study  of  fertile 
hybrid  pigeons,  we  note  that  he  observed  both  normal  and  abnor- 
mal mitoses,  and  some  mitoses  which  were  not  clearly  the  one  or 
the  other.     The  latter  are  of  particular  interest  since  it  is  primarily 
these  that  he  considers  a  possible  basis  for  the  variation  of  hybrids.* 
Among  the  irregularities  in  the  mitoses  in  fertile  birds,  which  may 
contribute  to  variation,  is  the  following.     In  the  dividing  nuclei  of 
some  secondary  spermatocytes  two  spindles  occur,  each  bearing 
half  the  somatic  number  of  small  chromosomes. f     As  previously 
given,  Guyer  concludes  (i)  that  the  two-spindle  condition  shows 
a  tendency  in  the  chromatin  of  each  parent  to  retain  its  individu- 
ality, (2)  that  by  a  proper  separation  and  distribution  of  the  chro 
mosomes  pure  sex-cells  would  result,  and  (3)  that  the   union   o 
these  might  cause  reversion.     This  conclusion  appears    to    hav 
been  drawn  before  the  publication  of  the  Mendelian  law.  5! 

If  the  form  of  maturation  mitosis  just  described  occurs  gei 
erally  in  hybrids,  and  further  if  the  chromatin  is  separated  ai 
distributed  as  postulated  by  Guyer,  we  should  evidently  not  ha 
to  go  further  in  order  to  discover  the  kind  of  mitosis  that   wol 

produce  in  hybrids  of  the  Pisum-ty^t  **  pure  "  germ-cells the  i 

portant  part  of  the  Mendelian  theory.  §     There  are  however  one 

*  Guyer.     Science,  II.    11  :  248.     19CX). 

t  Compare  Met  calf  on  hybrid  Gladiolus  ^  I.  c. 

%  In  his  most  recent  paper  (see  footnote  on  p.  155)  which  was  received  after 
was  written,  Guyer  considers  it  possible  that  **pure"  reproductive  cells  may  be  dei 
fi-om  normal  mitoses. 

\  Bateson  and  Saunders,  I,  c.  12  :  **  the  essential  part  of  the  discovery  is  tha 
germ-cells  or  gametes  produced  by  cross-bred  organisms  may  in  respect  of  ^z/ett  cAt 
ters  be  of  the  pure  parental  types.  *  * 
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two  considerations  in  this  connection  which  may  be  worth  bring- 
ing forward.  In  the  first  place  the  possibility  arises  that  the  spores 
that  are  formed  from  two-spindle  nuclei  in  the  mother-cells,  even 
if  functional,  may  contain  chromatin  from  both  and  not  from  one 
parent  only.  To  put  this  idea  somewhat  more  directly,  it  may  be 
that  the  failure  of  the  maternal  chromatin  to  unite  with  the  pa- 
ternal chromatin,  which  will  be  spoken  of  again  presently,  results 
not  in  the  purity  of  the  reproductive  cells,  but  quite  the  contrary, 
in  their  being  of  hybrid  nature.  This  has  certain  theoretical  in- 
terest and  will  be  again  referred  to.  In  addition  to  this  the  results 
of  my  own  study  of  the  spermatogenesis  of  hybrid  cotton,  which 
will  be  given  in  the  following  section,  lead  me  to  believe  that  the 
usual  form  of  maturation  division  in  fertile  hybrids  is  quite  like 
that  in  the  pure  race  (as  indeed  Guyer  also  found  in  fertile  pigeon 
hybrids),  and  therefore  that  the  variations  in  the  hybrid  cotton  are 
not  dependent  on  irregularities  in  the  mitoses,  and  consequently  if 
irregularities  occur  it  must  be  shown  that  the  resulting  spores  are 
functional.  •   (The  possible  exception  to  this  will  be  given  below.) 

Now  since  all  of  the  hybrids  known  to  be  fertile  which  have 
thus  far  been  studied  have  perfectly  normal  maturation  mitoses,  in 
addition  to  clearly  irregular  ones,  and  further  since  in  known 
sterile  forms  abnormal  divisions  only  occur,  it  seems  to  me  that 
the  variations  of  the  hybrids  are  either  wholly  independent  of  those 
divisions,  or  that  the  mitoses  are  fundamentally  unlike  what  is  now 
believed.  Correns  *  has  apparently  reached  the  former  conclusion ; 
he  does  not  think  that  irregularities  in  the  maturation  mitoses  have 
any  connection  with  the  splitting  of  the  hybrid  race. 

It  now  remains  to  be  seen  what  sort  of  maturation  mitoses 
there  may  be  (i)  which  will  result  in  the  separation  and  distribu- 
tion of  the  chromatin  so  that  the  ultimate  sex -eel  Is  may  have 
chromatin  of  pure  descent,  and  (2)  which  will  also  appear  to  be 
the  same  as  is  believed  to  occur  in  pure  forms,  namely,  a  double 
longitudinal  division  of  the  chromatin  segments. 

I  shall  now  refer  to  the  account  given  by  Wilson  f  of  the  for- 
mation of  tetrads  by  conjugation,  but  more  especially  to  his  ac- 

*  Correns,  Ergebnisse  der  neusten  Bastardforschungen  fUr  die  Vererbungslehre. 
Ber.  Deuts.  Bot.  Gesells.  19 :  86.     1901. 
t  Wilson,  The  Cell,  ed.  2.     1900. 
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count  of  the  early  history  of  the  germ-nuclei.  In  speaking  of  the 
latter,  Wilson  says  (/.  c,  273)  :  **  A  large  number  of  observers  are 
now  agreed  that  during  the  growth-f)eriod  preceding  the  matura- 
tion division,  in  both  sexes,  the  nucleus  of  the  mother-cell  (sper- 
matogonium, oogonium),  both  in  plants  and  in  animals,  passes 
through  some  changes  preparatory  to  reduction  at  a  very  early 
period.  Thus,  in  the  egg  the  primary  chromatin-rods  are  often 
present  in  the  very  young  ovarian  eggs,  and  from  their  first  ap- 
pearance are  already  split  longitudinally.  Hacker  made  the  inter- 
esting discovery  that  in  some  of  the  copepods  (Canthocamptus, 
Cyclops)  these  double  rods  could  be  traced  back  continuously  to 
a  double  spireme-thread,  following  immediately  upon  the  division 
of  the  last  generation  of  oogonia,  and  that  at  no  period  is  a  true 
reticulum  formed  in  the  germinal  vesicle.  In  the  following  year 
Riickert  made  a  precisely  similar  discovery  in  the  case  of  sela- 
chians. After  division  of  the  last  generation  of  oogonia  the 
daughter-chromosomes  do  not  give  rise  to  a  reticulum,  but  split 
lengthwise,  and  persist  in  this  condition  throughout  the  entire 
growth-period  of  the  egg.  Riickert  therefore  concluded  that  the 
germinal  vesicle  of  the  selachians  is  to  be  regarded  as  a  *  daughter- 
spireme  of  the  oogonium  {(Jr-ci)  grown  to  enormous  dimensions, 
the  chromosomes  of  which  are  doubled  and  arranged  in  pairs.' 
In  this  case  their  number  seems  to  be  at  first  the  somatic  number 
(thirty-six)  which  is  afterward  halved  by  the  conjugation  of  the 
elements  two  and  two  (Riickert),  as  in  Lufnbricus(Cd\k\x\s),  It  is, 
however,  certain  that  in  many  cases  (insects,  copepods)  the  double 
rods  first  appear  in  the  reduced  number."  In  another  place  (/.  c. 
257),  Wilson  says:  **A  considerable  number  of  observers  have 
maintained  that  reduction  may  be  effected  by  the  union  or  conju- 
gation of  chromosomes  previously  separate.  This  view  agrees  in 
principle  with  that  of  Riickert,  Hacker  and  Vom  Rath  ;  for  bivalent 
chromosomes  assumed  by  these  authors  may  be  conceived  as  two 
conjugated  chromosomes."  It  should  be  added  further  that  Mont- 
gomery *  and  evidently  Guyer  as  well  t  consider  the  conjugating 
chromosomes  to  be  of  unlike  parentage.     Therefore  the  hctero- 


*  Montgomery,  A  Study  of  the  Chromosomes  of  the  Germ  Cells  of  the  Metazoa. 
Trans.  Am.  Phil.  Soc.  ao:  1901. 

"(•Guyer.     Science.  II.  15:  530.     1902. 
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type  rings  of  the  normal  mitoses  in  pure  races  of  animals  are  not 
only  of  double  origin,  but  they  are  so  organized  that  the  halves 
of  any  chromatin  loop  are  of  diverse  origin,  that  is,  one  half  is 
derived  from  the  one  and  the  other  half  from  the  other  parent. 
So  that  in  pure  races  of  animals  //  the  chromatin  is  of  pure  descent, 
and,  further,  if  the  maternal  and  paternal  chromatin  is  segregated 
as  a  result  of  the  maturation  mitoses,  the  ultimate  sex-cells  are  also 
of  pure  descent,  two  of  any  group  containing  chromatin  lineally 
derived  from  one  parent  and  two  chromatin  from  the  other.  I 
therefore  have  suggested*  that  the  same  organization  of  the 
chromatin  occurs  in  fertile  hybrids,  and  that  it  forms  the  mor- 
phological basis  for  variation  in  accord  with  the  Mendelian  con- 
ception, f 

The  organization  of  heterotype  rings  by  the  conjugation  two  and 
two  of  previously  distinct  chromosomes  appears  thus  to  be  fairly 
well  founded,  but  the  purity  of  the  chromosomes  as  regards 
descent  is,  I  take  it,  not  so  well  established,  and  here  may  per- 
haps be  sought  a  cause  for  variations  outside  of  the  /i>«w-type. 
But  there  is  also  considerable  evidence  to  show  that  the  chro- 
mosomes preserve  their  individuality  during  the  ontogeny,  or  if 
the  chromosomes  do  not  retain  their  individualty,  at  any  rate  that 
the  chromatin  may  retain  its  purity.  Wilson  (/.  c,  204)  says  : 
•*  Observations  have  given  the  strongest  reason  to  believe  that,  as 
far  as  the  chromatin  is  concerned,  a  true  fusion  of  the  nuclei  never 
takes  place  during  fertilization,  and  that  the  paternal  and  mater- 
nal chromatin  may  remain  separate  and  distinct  in  the  later  stages 
of  development — possibly  throughout   life.*'      On  page  299  this 

♦Cannon,  A  Cytological  Basis  for  the  Mendelian  Laws.  Bull.  Torrey  Club,  29  : 
657.     D  1902. 

t  This  conclusion  was  also  independently  formed  by  W.  S.  Sutton :  On  the  Mor- 
phology of  the  Chromosome  Group  in  Brachystola  magna,  Biol.  Bull.  4  :  24.  D 
1902.  Gu3rer  has  recently  advanced  a  similar  conclusion  :  Hybridism  and  the  Germ- 
cell.     Univ.  Cincinnati  Bull.  No.  21.     N  1902. 

The  hypothesis  above  given  to  account  for  the  variation  of  the  hybrid  race  after  the 
type  of  Mendel's  pea  hybrids  applies  of  course  to  those  whose  pure  parents  are  sepa- 
rated by  one  character  only,  that  is,  to  monohybrids,  and  does  not  clearly  to  polyhy- 
brids,  or  to  those  whose  pure  parents  are  distinguished  by  more  than  one  character. 
If,  however,  we  find  that  the  two-spindle  condition  obtains  in  the  sjx>re-mother-cells  of 
fertile  hybrids  to  a  considerable  degree  it  seems  to  me  that  in  the  combined  results  of 
such  abnormal  with  the  normal  mitoses  we  may  find  a  structural  basis  for  the  essen- 
tials of  the  variations  in  the  more  complex  types  of  hybrids. 
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author  treats  the  matter  somewhat  more  fully  and  cites  the  v 
of  Riikert  and  Hacker  on  Cyclops^  and  Herla  and  Zoja  on  Asc 
Recently  Hacker  *  has  confirmed  and  extended  his  earlier 
elusions,  and  in  a  recent  paper  Moenkhaus  states  that  he 
found  that  the  paternal  and  the  maternal  chromatin  may  rei 
separate  and  distinct  during  several  cell  generations  in  h) 
fishes. 

It  has  already  been  stated  that  the  conjugation  of  the  ( 
mosomes  occurs  in  pure  races  at  some  stage  before  the  ma 
tion  divisions,  and  that  by  the  separation  of  the  chromosc 
provided  they  are  lineally  descended  from  parental  chromosc 
the  spores  may  be  of  pure  descent.  Now  when  in  certain  hy 
the  conjugation  fails  to  take  place  a  mother-cell  with  a  two-sp 
nucleus  may  be  formed  as  Guyer  has  stated,  f  and  as  he 
shown  in  the  fertile  hybrids  studied  by  him.  Metcalf  also  f 
in  hybrid  Gladiolus,  as  I  have  mentioned  in  summarizing  his  \ 
chromosomes  in  two  masses  as  on  double  spindles  in  the  pc 
mother-cells  and,  finally,  I  have  observed  a  few  mother-eel 
the  hybrid  cotton  which  may  apparently  had  double  spindles 
the  cotton,  however,  this  condition  was  the  exception,  as  w 
spoken  of  below. 

Phenomena  which  are  probably  associated  with  the  ind 
dence  of  the  germ-nuclei  have  long  been  observed  in  hyl 
These  comprise  the  greater  influence  of  the  one  than  the 
parent,  or,  at  the  other  extreme,  the  equal   influence   of 
parents  in  the  hybrid.     Between  these  extremes  are  many 
mediates  some  of  which  have  already  been  mentioned  (page 
And  it  seems  possible  that  in  some  hybrids  the  germ-nucle 
equally  and  independently  mold  the  character  of  the  celh 
not  combine  to  effect  this  as  in  strictly  intermediate  hybrids. 
mer,J  for  example,  gives  an  account  of  a  hybrid  Oxalis  in 
epidermal  cells  of  which  trichomes  typical  of  both  parents  m 
found  in  a  single  cell.     Other  cases  illustrating  this  point 
also  be  cited.     It  will  thus  be  seen  that  a  close  study  of  the 

*  HSlcker,  Ueber  die   Autonomie  der  v3,terlichen  und  mtttterlichen  Kerns 
vom  £i  bis  zu  den  FortpflanzungszelleD.     AnaU  Anzeiger,  ao  :  440-452.     190: 
t  Guyer.     Science.  II.  15  : '530.     1902. 
t  Farmer.     Ann.  Bot.  11 :  542.     1897. 
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ture  of  a  hybrid  may  be  of  considerable  use  in  determining  the 
relative  independence  of  the  germ-nuclei. 

I  wish  now  to  turn  from  the  considerations  of  nuclear  divisions 
and  hybrid  variations  and  apply  theoretically  the  principle  of  the 
purity  of  the  sex-cells  to  a  moss,  a  fern,  and  a  seed-plant.  In 
doing  so  I  assume,  as  a  matter  of  course,  that  the  hypothetical 
hybrids  are  monohybrids  of  the  Pisum-type,  The  theoretical 
application  is  made  rather  to  call  attention  to  what  seems  to  me  a 
very  broad  and  inviting  field  for  research,  than  to  attempt  at  this 
time  any  development  of  the  field  myself  Many  additional  points 
of  view  will  undoubtedly  suggest  themselves  at  once  to  any  botanist. 

We  shall  consider  what  happens  when  one  sort  of  a  moss  is 
crossed  with  another  sort,  when  the  spores  of  the  hybrid  moss 
develop,  and,  finally,  when  the  hybrid  is  inbred. 

In  the  first  place  when  a  moss  is  fertilized  by  the  sperms  of  a 
moss  of  another  species,  the  moss  '*  plant "  is  not  hybridized,  since 
the  effect  of  the  foreign  fertilization  is  to  be  observed  only  in  the 
sporoganium.  This  applies  to  the  hybrid  of  the  first  generation  ; 
what  happens  in  the  later  generations  has  apparently  not  been 
studied  or  at  least  recorded.  Focke  (/.  c.  427)  says  that  no  hybrid 
sexual  moss  plants  (gametophytes)  have  been  recognized,  and  he 
inquires  if  some  of  the  numerous  sterile  mosses  may  not  be  hybrid. 
According  to  the  hypothesis  of  the  purity  of  the  spores  we  should 
not  expect  to  find  hybrid  gametophytes  in  any  generation.  And  in 
this  connection  it  is  certainly  interesting  to  note  that  there  is  said  to 
be  no  hybrid  among  the  liverworts.  This  again  would  be  the  case 
if  the  spores  from  which  the  liverwort  **  plant "  arises  are  not 
hybrid  but  pure,  and  we  may  perhaps  make  the  rule  that  it  is  the 
sporophyte,  and  not  the  gametophyte,  which  is  of  hybrid  nature. 

Assuming  the  purity  of  the  spores,  when  the  hybrid  is  inbred 
variation  of  the  sporogonia  would  occur  according  to  the  law  of 
Mendel,  but  not  necessarily  according  to  the  Pisum-type.  The 
variation  of  the  hybrid  will  depend  on  the  monoecious  or  dioecious 
nature  of  the  moss.  This  will  be  clear  when  we  examine  the  for- 
mulae for  variation  of  monoecious  and  of  dioecious  ferns. 

Turning  now  to  the  fern  hybrids,  we  shall  first  consider  a 
monoecious  homosporous  hybrid,  and,  finally,  a  dioecious  homo- 
sporous  hybrid. 
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Generations                      IS                   IG                          US  I 

A —  yU  $  and  9 —  ^a a    . 

- <        ',    {£^KZ> 

a—  ^A$and(i—  ^A A 

Fig.  2.  Hybrid  homosporous  monoecious  fern.  Explanation.  S^  sporo] 
(7,  gametophyte ;  A  and  «,  the  chromosomes  of  the  two  races,  when  combined 
the  form  is  hybrid. 

Generations  15  IG  US        UG 

A—  ya    $  or  ^^  /^"~ 

I  /  I  /  ' 

X AaC  X   Aa{  x     tic, 

a--  \^    $   or   <i—  ^A^ 

Fig.  3.     Hybrid  homosporous  </iWf«Wj  fern.     Lettered  as  the  preceding  fi^ 

In  contrasting  the  two  formulae  for  fern  hybrids  as  | 
several  points  may  be  worth  speaking  of.  In  the  first  plac< 
fern  hybrids  with  monoecious  prothallia  revert  after  the  P\ 
type  of  Mendel ;  and  secondly  the  hybrids  with  dioecious  s< 
generations  are  always  some  form  of  intermediate,  and  i 
revert.  Dioecious  forms  also,  such  as  Equisetum  hybrids, 
gest  problems  of  interest  not  necessarily  closely  connected 
their  hybridity.  Among  these  the  following  may  be  mentic 
Dioecious  ferns  viewed  from  the  standpoint  of  the  purity  c 
spores,  and  hence  of  the  sex  cells,  give  suggestions  as  t 
morphological  basis  of  the  origin  of  heterospory.  Coulter  * 
**  The  evolution  of  heterospory  seems  simple  enough.  The  pi 
logical  differentiation  of  the  spores  was  complete  when  prot 
became  persistently  dioecious.  *  *  *  A  prothallium  producing 
sex  organs  equally  well  may  be  regarded  as  in  a  stale  of  equilih 
an  equilibrium  which  is  disturbed  by  any  conditions  which 
the  production  of  one  sex  organ  rather  than  the  other,  ii 
case  probably  nutritive  conditions.  This  disturbance  of  the 
librium  of  a  bisexual  prothallium  would  certainly  find  an  expr 
first  in  a  dioecious  tendency,  and  finally  in  a  dioecious  habit, 
the  habit  once  fixed  the  morphological  differentiation  of  i 
becomes  inevitable,  since  the  nutritive  requirements  of  th 
prothallia  are  so  different.  The  evolution  of  heterospory  se< 
be  one  of  the  simplest  of  selective  processes,  with  inequali 
nutrition  to  furnish  the  variations.'* 

*  Coulter.     Bot.  Gaz.  a6  :  163.     1898. 
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I  would  suggest  that  the  transmission  of  a  dioecious  tendency  is 
morphologically  possible  because  the  spores  that  give  rise  to  the 
prothallia  are  pure,  and,  therefore,  we  conclude,  tend  to  reproduce 
the  same  sort  of  prothallia  as  the  ones  from  which  they  sprang  in 
the  preceding  generation,  and  that  the  dioecious  habit  is  likewise 
only  possible  by  a  continuance  of  the  same  process  through  many 
generations.  By  referring  to  Fig.  3,  the  formula  for  a  dioecious 
fern  hybrid,  it  is  seen  first  that  the  gametophytes  are  of  pure  de- 
scent, and  further  that  the  fern  is  dioecious,  so  I  suggest  that  the 
spores  A  will  produce  prothallia  like  those  from  which  the  chroma- 
tin of  their  nuclei  was  derived  and,  also,  that  the  spores  a  will  give 
rise  to  prothallia  like  a  of  the  pure  form,  that  is,  in  dioecious  hybrid 
ferns,  or  the  pure  races,  the  prothallia  that  arise  from  A  or  a  zvill  be 
male  or  female  accordingly  as  the  sexual  ancestor  of  that  spore  was 
nude  or  female.  In  other  words,  may  not  the  purity  of  the  spores 
be  the  groundwork  upon  which  the  selective  processes  play  that 
bring  about  the  dioecious  from  the  monoecious  condition,  that 
deepen  the  dioecious  tendency  into  a  dioecious  habit,  and,  finally, 
give  rise  to  the  morphological  condition  known  as  heterospory  ? 

We  may  now  return  from  this  disgression  to  examine  very 
briefly  what  happens  when  seed-plants  of  different  sorts  are  crossed. 

We  should  note  first  that  the  formula  commonly  given  for  the 
hybrid  fertilization  and  variation  in  seed-plants  is  somewhat  mis- 
leading since  it  does  not  take  account  of  the  sexual  generation, 
which  we  believe  in  the  monohybrid  seed-plants  of  the  Pisum-type, 
if  indeed  not  in  all  others,  is  always  pure.  Secondly,  it  is  the 
hcterosporous  condition  of  the  higher  plants,  in  the  place  of  the 
homosporous  monoecious  one  of  the  fern  mentioned  above,  that 
makes  possible  the  formula (-4  +  A  ;  A  +  a;  a  -^  A  ;  a  +  a)  of  the 
hybrid  of  the  Pisum-typc,  Now  we  may  ask,  what  morphologi- 
cal conditions  are  prerequisite  for  the  development  of  this  formula  ? 
It  is  clear  in  order  that  this  end  may  be  reached  that  the  anthers 
must  organize  spores  with  A  and  spores  with  a  characters  and 
likewise  that  the  ovary  must  maturate  functional  spores  with  A 
and  with  a  characters.  Now  as  a  matter  of  fact  in  the  higher 
plants  three  of  the  potential  macrospores  usually  degenerate  and 
one  only  germinates,  so  that  in  any  ovule  one  character,  and  one 
sort  of  chromatin,  are  eliminated  from  the  problem.     Therefore 


Digitized  by 


Google 


160  Cannon:    Studies  in  Plant  Hybrids 

the  reversion  to  one  or  to  another  of  the  pure  parents  might 
under  certain  conditions  take  place.  It  thus  is  necessary  in  oi 
to  effect  the  splitting  after  the  Pisum-type  that  on  the  aver: 
taking  many  plants  together,  an  equal  number  of  each  sor 
germ-cells  of  the  same  descent  shall  degenerate,  and  that  a 
number  shall  become  functional.  The  variability  of  the  hij 
plants  as  regards  the  development  of  the  macrospores  may 
in  a  broad  way  account  for  certain  conceivable  modificatior 
apparent  exceptions  to  the  Mendelian  law,  so  that  the  morpho 
of  the  ^hybrids  must  needs  be  studied  if  the  structural  basii 
hybrid  variation  is  to  be  understood. 

We  have  then  sketched  what  supposedly  takes  place  > 
mosses,  ferns  and  also  when  seed-plants  of  the  Pisum-ty^ 
hybridized,  and  the  general  and  particular  conclusions  ma 
summed  up  thus : 

1.  In  monohybrids  of  the  jPisum-typc  the  spores  and  th< 
mediate  spore  derivatives  are  pure  as  regards  the  chromatin  co 
of  their  nuclei.  The  application  of  this  principle  to  the  /tver 
accounts  for  the  apparent  lack  of  hybrids  among  them,  eitl 
the. first  or  in  the  later  generations;  applied  to  the  mosses 
counts  for  the  failure  to  recognize  hybrids  in  the  second  and 
generations.  In  both  liverworts  and  mosses  the  **  plant "  (ga 
phyte)  is  of  pure  descent  in  any  generation,  and  the  spore 
only  are  hybrid.  This  last  consideration  leads  to  the  genei 
tion  that  in  plants  of  whatever  class  where  hybridity  occurs  it  \ 
haps  always  the  sporophyte  only  which  is  hybridJ^ 

2.  In  the  ferns  the  chromatin  may  be  transmitted  fror 
sexual  generation  to  another  in  such  a  manner  as  to  retain  it 
viduality  and  thus  it  may  tend  to  reproduce  the  sort  of  gj 
phyte  from  which  it  descended,  and  in  dioecious  forms  tl 
also,  so  that  ilu  purity  of  the  spores  forms  the  background  ikt 
make  the  genesis  and  the  evolution  of  heterospory  a  morpho 
possibility. 

It  is  likely  that  the  study  of  such  hybrids  as  have  < 
sexual  and  asexual  generations  would  be  of  advantage  s 
them  a  morphological  analysis  of  the  nature  of  a  hybrid  mi 
made,  and  thus  a  clearer  understanding  of  the  nature  of  hy 

*The  possible  exceptions  to  this  have  already  been  referred  to  (page  155 
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in  general  but  particularly  the  nature  of  hybridity  in  such  forms  as 
do  not  have  distinct  sexual  and  asexual  generations  might  be  ob- 
tained, that  is,  the  hybrids  among  the  seed-plants. 

The  Spermatogenesis  of  Hybrid  Cotton 

The  cotton  hybrid  used  in  this  study  *  was  grown  from  seed 
obtained  by  crossing  the  Sea  Island  (Constellation  brand)  with 
upland  (Klondike  brand)  cotton.  Gossypium  Barbadense  X  G,  her- 
baceutn.  The  crossing  was  done  expressly  for  this  study  by  Dr. 
H.  J.  Webber,  of  the  Department  of  Agriculture,  in  the  experi- 
mental plots  near  Columbia,  South  Carolina.  Concerning  this 
cross  Dr.  Webber  writes  as  follows  : 

"The  flowers  were  emasculated  August  22,  1900,  and  crossed 
August  23,  the  resulting  boll  producing  ten  seeds  ;  all  of  the  seed 
of  this  we  sent  to  you.  But  34^1,  which  is  of  the  same  parentage 
and  crossed  at  the  same  time  in  our  plots  at  Columbia,  all  proved 
to  be  without  question  hybrids,  being  very  tall  and  rank  and 
rather  unfruitful,  showing  in  practically  every  character  their 
hybrid  nature."  He  further  says  that  "  34^  is  without  much 
question  a  true  hybrid.'*  The  seeds  from  the  cross  known  as  34^ 
were  sown  in  pots  in  the  propagating  house  at  the  New  York 
Botanical  Garden,  about  July  20,  1901,  and  the  plants  that  were 
derived  from  these  seeds  were  used  by  me  in  this  study. 

The  cotton  plants,  34^,  formed  buds  in  October  and  the  first 
lot  for  study  was  put  up  on  the  29th,  and  after  that  at  intervals  of 
a  week  or  so  as  often  as  the  buds  appeared  to  be  of  the  proper  size. 
The  hybrids  appeared  to  correspond  to  the  description  that  Dr. 
Webber  gave  for  the  hybrid  of  the  same  parentage,  34^,  and  the 
34^  forms  were  evidently  true  hybrids.  It  was  evident  also  that 
these  hybrids  were  fertile,  but  to  what  degree  I  was  unable  to  de- 
termine, since  most  of  the  flowers  were  removed  for  study. 

Before  describing  the  maturation  divisions  I  may  anticipate  my 
results  by  saying  that  abnormal  sex-cells  were  present  in  practic- 
ally all  anthers,  and,  except  in  the  last  flowers  formed,  normal 

*  I  wish  here  to  acknowledge  my  obligations  to  Dr.  Webber,  who  kindly  made  the 
crosses  for  me  and  always  encouraged  the  work  ;  to  Professor  Underwood,  of  Colum- 
bim  UniTcrsity,  for  his  counsel  and  assistance,  and  to  the  officers  of  the  New  York 
BoCwiical  Garden,  especially  to  Dr.  MacDougal,  who  placed  the  excellent  facilities  of 
the  Garden  at  my  disposal. 
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cells  as  well.  The  ratio  between  the  two  was  an  inconstant  • 
in  this  regard  the  cotton  is  different  from  the  Gladiolus  by 
and  agrees  with  the  pigeon  and  Carina  hybrids,  as  will  be  see 
referring  to  the  summary  given  above.  I  may  also  say  thai 
principal  object  in  making  the  study  was  to  learn  whethei 
mitoses  were  different  from  those  in  pure  races  of  analc 
plants,  rather  than  to  make  an  exhaustive  study  of  the  divi 
as  such,  and  for  this  reason  my  material  was  not  suitable  fc 
study  of  the  earlier  stages,  however  important  that  may  be. 

I  shall  turn  now  to  the  morphological  part  of  the  paper, 
divisions  in  the  normal  cells  will  be  spoken  of  first,  and  t 
shall  give  some  account  of  the  various  irregularities  which 
be  seen  in  the  abnormal  mitoses  of  the  hybrid. 

The  archesporial  cells  arise  by  the  division  of  subepid 
cells  and  become  pollen  mother-cells  directly,  no  format! 
sporogonous  tissue  occurring.  After  the  two  divisions 
nucleus,  the  mother-cell  undergoes  two  simultaneous  divisic 
which  the  tetrads  are  formed,  and  these  probably  become 
grains  in  the  usual  manner,  although  the  later  history  of  th 
was  not  learned.  The  mitoses  leading  up  to  the  formation 
tetrads  are  as  usual  heterotypic  and  homotypic,  and  theref 
the  same  as  are  found  in  like  mitoses  of  analogous  organisi 

The  cytoplasm  of  the  archesporial  cells  is  of  a  rectic 
alveolar  structure,  and  this  structure  is  uniform  throughc 
cytoplasm  of  the  cell.  That  is,  the  portion  of  the  cyt 
which  is  immediately  around  the  nucleus  is  not  differentiate 
the  portion  which  is  in  the  more  peripheral  part,  but  has  a 
appearance  and  structure.  This  primitive,  or  undifferentiat 
dition  of  the  cytoplasm  is  retained  in  all  cells  in  which  dii 
clear  division  occurs,  but  on  the  other  hand  it  may  not  be  o 
in  the  normal  cells.  Thus  the  structure  of  the  cytoplasn 
an  interesting  and  reliable  check  to  the  observations  of  tl 
stages  of  development  of  the  cells. 

When  those  of  the  archesporial  cells  which  are  to  deve 
normal  pollen  grains  become  spore  mother-cells,  the  cy 
withdraws  from  the  cell  walls.  This  retreat  of  the  cytopla 
also  be  observed  in  certain  of  the  abnormal  cells,  for  i 
in  those  which  do  not  undergo  degeneration  in  the  earlie 
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as  will  be  spoken  of  again  in  this  paper.  The  withdrawal  of  the 
cytoplasm  is  to  be  regarded  as  the  normal  and  regular  occurrence 
in  the  archesporial  cells  of  cotton,  and  is  not  therefore  analo- 
gous to  the  condition  observed  by  Juel  in  Syringa  *  where  it  was 
an  indication  of  degeneration. 

About  the  time  of  the  formation  of  the  spore  mother-cells,  and 
as  a  regular  structural  change  accompanying  it,  the  cytoplasm  of 
the  normal  cells  shows  a  marked  change  in  its  structure.  A  zone 
of  dense  protoplasm  which  takes  the  cytoplasmic  stain  with  avidity, 
is  formed  around  the  nucleus  in  contact  with  the  nuclear  wall. 
This  perinuclear  zone  is  found  also  in  the  developing  pollen  grains 
of  various  plants  of  pure  descent.f  It  is  seen  not  only  in  the 
cytoplasm  of  the  spore  mother-cell,  but  in  the  later  stages  as  well, 
even  in  the  young  tetrads  as  in  Lavatera,\  The  structure  of  the 
zone  appears  to  be  granular,  although  in  some  preparations  and 
under  comparatively  powerful  magnification — Zeiss  ocular  i8, 
apochromatic  oil-immersion  2-mm.  objective — it  seemed  reticular, 
thus  resembling  Larix.%  Outside  of  the  perinuclear  zone  is  the 
main  portion  of  the  cytoplasm  which  is  alveolar  in  structure  and 
in  addition  to  these  two  sorts  of  protoplasm  a  layer  of  fibrillae 
midway  between  the  periphery  of  the  cell  and  the  perinuclear  zone 
is  also  occasionally  found  in  the  spore  mother-cells.  When  first 
observed  the  fibrillar  layer  is  of  a  rather  loose  structure,  but  in  the 
older  cells  the  fibrillae  are  closely  bound  together  and  form  a 
compact  zone. 

A  similar  zone  is  figured  by  Mottier  for  Lilium.  ||  This  filar 
plasm,  like  the  achromatic  figure,  takes  the  gentian -violet  with 
Flemming's  triple  stain.  As  a  rule  the  spore-mother  cells  do 
not  contain  this  structure,  but  it  i^  found  with  great  regularity  in 
the  cytoplasm  of  the  older  cells.  The  genesis  of  the  fibrillar  layer 
is  difficult  to  account  for  in  the  spore  mother-cells ;  in  the  later 
stages  of  development,  however,  it  is  formed  by  the  mantle  fibers 

♦  Jucl,  /.  c.  640. 

t  Lloyd.     Mem.  Torrey  Club,  8  :  71.     1902. 

%  Byxbec.  The  Development  of  the  Karyokinetic  Spindle  in  the  Poll  en -Mother- 
Cells  Kii  Lttvatera.     Proc.  Calif.  Acad.  Bot.  Ill,  2  :  63.     1900. 

{Belajeff,  Zur  Kenntniss  der  Karyokinese  bei  den  Pflanzen.  Flora,  79:  430. 
1894- 

Mottier,  BeitrSge  zur   Kenntniss  der  Kemtheilung  in  den  Pollenmutterzellen 
etc.     Jahrb.  Wiss.  Bot.  30 :  //.  3.  /.  5.     1897. 
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which    stray   into   the    cytoplasm    from   the   two  poles  c 
spindle. 

My  material  was  not  suitable  for  the  study  of  the  early  I 
of  the  chromatin  of  these  cells  and  therefore  the  account 
maturation  divisions  begins  with  the  spore  mother-cell  a 
eludes  the  two  maturation  mitoses  by  which  the  tetra< 
organized. 

The  first  indication  of  the  approaching  first  division 
nucleus  of  the  spore  mother-cell  which  was  observed  vi 
aggregation  of  the  chromatin  to  one  side  of  the  nucleus  a 
formation  there  of  the  spireme.  Thus  synapsis  occurs  bef 
mother-cell  withdraws  from  the  cell-wall  (/.  /).  The  s 
ribbon  loosens  and  at  length  its  convolutions  extend  thro 
the  nucleus.  At  first  the  spireme  has  a  beaded  appearai 
an  uneven  outline,  but  in  the  older  nuclei  the  contour  i 
more  uniform  and  the  structure  much  more  dense.  At  tl 
time  the  spireme  increases  in  its  power  of  absorbing  stains 
ticularly  in  the  later  stages  the  splitting  of  the  spirei 
observed  with  great  clearness. 

When  the  spireme  forms  segments,  the  chromatin  for  £ 
time  collects  to  one  side  of  the  nucleus,  and  in  that  situai 
shortening  and  thickening  of  the  segments  takes  place.  1 
ments  are  long  and  in  delicate  loops  when  first  clearly  mj 
the  loops  are  much  twisted  and  bent  in  a  variety  of  way 
ends  of  the  loops  are  not  infrequently  connected  by  delicat 
plasmic  strands,  indicating  perhaps  that  the  fusion  of  the 
chromosomes  had  not  been  a  complete  one  (/.  ^),  an< 
may  happen  that  the  union  of  the  chromosomes  did  not  ta 
exactly  at  their  ends  but  at  a  greater  or  less  distance  fro 
Usually,  however,  the  loops  are  entire  and  symmetrical 
no  hint  as  to  their  possible  origin  or  formation.  Very  fr 
in  the  long  chromatin  loops  a  longitudinal  splitting  may 
which  must  evidently  be  regarded  as  a  precocious  procesj 
to  a  subsequent  separation  of  the  divided  portions. 

The  chromatin   loops  shorten  and  thicken  to  form 
they  in  turn  by  further  condensation  lose  the  ring  charj 
in  the  metaphase  of  the  first  division  this  character  reapj 

In  any  nucleus  the  loops  and  the  rings  are  of  a  unii 
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that  is,  the  two  sizes  of  rings  found  in  the  hybrid  pigeon  *  and  in 
some  pure  forms  in  plants  f  were  not  observed  in  the  cotton. 

At  the  time  when  the  chromatin  segments  are  becoming  con- 
densed and  have  gathered  at  one  side  of  the  nucleus,  characteristic 
changes  are  also  taking  place  in  the  structure  of  the  perinuclear 
zone  of  cytoplasm.  The  inner  portion  of  this  becomes  less  dense 
and  is  finally  replaced  by  a  coarse  reticulum  of  delicate  proto- 
plasmic strands.  This  network  unites  with  the  nuclear  wall  on 
one  side,  and  joins  the  more  peripheral  and  unchanged  portion  of 
the  perinuclear  zone  on  the  other.  The  reticulum  is  therefore 
from  its  genesis  wholly  of  cytoplasmic  origin. 

While  the  changes  in  the  perinuclear  zone  are  occurring  as 
above  described,  certain  developmental  modifications  may  also  be 
observed  in  the  nucleus.  Until  this  time  the  linin  of  the  nucleus 
has  not  been  noticeable,  but  now  it  assumes  a  more  or  less  granu- 
lar appearance  and  stains  feebly,  and  the  nuclear  wall  shows  indi- 
cation of  approaching  disintegration.  Delicate  threads  of  proto- 
plasm run  out  from  it  which  join,  on  the  outside,  the  circumnuclear 
reticulum,  and  on  the  inner  side,  the  linin  meshwork.  Shortly  the 
nuclear  wall  becomes  entirely  broken  down  and  a  continuous  pro- 
toplasaiic  reticulum  occupies  the  entire  cell. 

The  relation  of  the  karyoplasmic  reticulum  to  the  perinuclear 
zone  in  the  formation  of  the  achromatic  figure  will  be  spoken  of 
directly,  and  it  may  be  premised  that  it  is  the  same  as  is  found  in 
Cobaea  scandens  %  and  in  Lavatera,^  as  well  as  in  other  plants,  that 
is  the  achromatic  figure  has  elements  drawn  both  from  the  cyto- 
plasm and  from  the  nucleus. 

The  topographic  relations  of  the  cell  constituents  at  this  time 
will  be  understood  by  referring  to  /.  7.  When  such  a  section  is 
treated  with  the  Flemming  triple  stain,  the  perinuclear  zone  will 
be  colored  deep  orange,  the  reticulum  within  the  perinuclear  zone 
will  be  colored  lightly  with  the  gentian-violet,  and,  finally,  the 
chromatin  will  of  course  take  the  saffranine. 

'    *Guycr.     Science,  II.  ii  :  248.     1900. 

t  Strasburger,  Histologische  Beitrtge,  6  :  42.     1900. 

X  Lawson,  Some  Observations  on  the  Development  of  the  Karyokinetic  Spindle  in 
Pollen-Mother- Cells  of  Cobaea  scandens,    Proc.  Calif.  Acad.  Bot.  III.  i  :  169.     1898. 
I  Byxbee,  /.  r. 
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Prior  to  the  breaking  down  of  the  nuclear  wall  the  nuch 
(plasmosome)  presents  indications  of  its  disintegration.  Its  cap 
for  absorbing  the  stains  is  lessened,  it  becomes  vacuolated,  a: 
length  disappears.  The  degeneration  of  the  nucleolus  takes 
pari  passu  with  the  formation  of  that  portion  of  the  nuclear 
ulum  which  is  of  karyoplasmic  origin,  and  it  may,  in  fact,conti 
to  its  building  up,  just  as  occurs  according  to  Strasburger  in  Ft 

The  net-work  which  arises  from  the  linin  of  the  nucleus, 
the  cytoplasm  immediately  surrounding  it,  from  the  disinte^ 
wall,  and  finally,  perhaps,  from  the  nucleolus  also,  becomes 
fied  so  that  a  confused  mass  of  fibers  are  formed  which  mal 
felted  condition  characteristic  of  the  earlier  stages  in  the  org 
tion  of  the  multipolar  achromatic  figure  in  the  higher  plants, 
fibrillae  which  come  from  the  reticulum  become  gatherc 
groups  with  the  effect  that  from  the  felted  condition  a  muli 
one  ensues,  and  from  this  at  length  the  bipolar  figure  is  fc 
Several  intermediate  stages  were  observed  in  the  transfori 
just  spoken  of,  such  as  the  one  figured  (/.  8).  The  cytop 
cones,  which  are  so  prominent  a  feature  in  the  early  sta 
such  an  achromatic  figure  as  in  Equisetum  f  are  wholly  v 
in  the  cotton  hybrid.  The  presence  of  the  perinuclear  : 
cytoplasm,  as  has  been  pointed  out  in  LavateraX  appears 
hibit  the  formation  of  the  Equisetum  type  of  multipolar  figi 

When  the  achromatic  figure  is  completely  differential 
poles  extend  nearly  or  quite  to  the  periphery  of  the  cell,  ^ 
relation  between  the  achromatic  figure  and  the  ectoplasrr 
same  as  described  by  Lloyd  §  as  occurring  in  Aspcrula, 
cotton  the  relation  is  a  variable  one,  and  appears  to  dep 
the  size  of  the  cell,  as  for  instance,  in  the  spindles  of  the 
division  the  poles  do  not  reach  to  the  periphery  but  tertr 
the  outer  portion  of  the  cytoplasm.  The  achromatic  figui 
cotton  hybrid,  as  in  pure  races,  is  made  up  of  three  sorts  c 
namely,  of  the  continous  fibers,  or  central  cylinder,  the  co 

*  Strasburger,  Kemtheilung  und  Befruchtung  bei  Fucus.  Jahrb.  Wiss 
351.     1897. 

t  Osterbout,  Ueber  Entstehung  der  karyokinelischen  Spindel  bei  £lquiseik 
Wiss.  Bot.  30  :  159.     1897. 

X  Byxbee,  /.  r. 

§  Lloyd»  /.  c.  70. 
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fibers,  and  the  mantle  fibers.  The  continuous  fibers  and  the  con- 
tractile fibers  arise  from  the  intra-zonal  network  in  a  manner  above 
described,  but  the  mantle  fibers  appear  last,  they  are  composed 
wholly  of  cytoplasmic  material,  and  apparently  are  not  at  all  con- 
cerned with  the  splitting  or  separation  of  the  chromosomes.  The 
mantle  fibers  give  rise  to  the  fibrillar  layer  which  was  spoken  of 
above  and  which  is  a  conspicuous  element  of  the  cell  after  the 
first  nuclear  division. 

The  chromosomes  become  arranged  so  as  to  form  a  plate  mid- 
way between  the  poles  of  the  bipolar  spindle  and  at  right  angles 
to  the  spindle.  In  the  metaphase  of  the  first  division  the  chromo- 
somes are  usually  ring-shaped  but  vary  more  or  less  as  in  the 
metaphase  of  this  division  in  pure  races  of  plants.  However,  when ' 
first  arranged  in  the  plate  the  ring  form  may  not  appear,  but  it 
does  subsequently,  during  the  process  of  the  spHtting  of  the  chro- 
mosomes. I  was  not  able  to  determine  with  certainty  whether 
the  first  split  separated  chromosomes  which  corresponded  to  the 
two  halves  of  the  heterotype  ring,  or  whether  the  split  followed 
the  second  cleavage.  If  the  former  occurs,  then  according  to 
the  hypothesis  advanced  in  the  preceding  part  of  this  paper,  the 
daughter  nuclei  are  pure  as  regards  the  chromatin  content.  If, 
however,  the  latter  is  the  case,  the  nuclei  of  the  daughter  cells 
would  be  of  mixed  descent.  The  tetrads  in  either  case  *  would 
contain  chromatin  which  had  descended  in  a  linear  manner  from 
either  and  not  both  of  the  parents. 

In  the  anaphases  of  this  division  the  chromosomes  are  U- 
shaped,  V-shaped  or  X-shaped  as  in  pure  forms.  The  second 
longitudinal  splitting  which  was  observed  in  the  prophases,  could 
not  be  clearly  made  out  in  the  anaphases  because  the  chromosomes 
were  so  small  and  dense.  By  repeated  counting  of  the  chromo- 
somes, I  determined  that  there  was  an  equal  distribution  of  them  in 
the  first  mitosis  :  the  reduced  number  was  28. 

In  late  anaphase  the  chromosomes  take  a  position  at  some  dis- 
tance from  the  poles,  so  that  when  the  reconstruction  begins  the 
ends  of  the  spindle  extend  beyond  (/.  12). 

Certain  characteristics  of  the  achromatic  figure  may  be  men- 
tioned in  this  place.     The  mantle  fibers  extend  from  the  poles,  at 

♦It  is  conceivable,  however,  that  2i  different  orientation  of  the  heterotype  rings  might 
give  other  results. 
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a  sharp  angle  to  the  spindle,  well  into  the  cytoplasm,  and  n 
up  the  fibrillar  layer  which  is  so  conspicuous  in  the  cells.  Tl 
of  the  fibers  that  are  in  the  immediate  neighborhood  of  the  dai 
ter  nuclei  soon  lose  the  filar  appearance,  become  structun 
and  the  chromosomes  in  early  telophase  lie  freely  in  an  appare 
homogeneous  substance. 

The  reconstructed  nuclei  possess  a  distinct  nuclear  wall 
chromatin  forms  a  coarse  reticulum  (/.  12)  and  the  nucleol 
reconstructed.  The  steps  in  the  reformation  of  the  daug 
nuclei  were  not  closely  observed  but  appeared  roughly  to  c< 
spond  to  the  reverse  of  the  breaking  down  of  the  mother  nuc 

When  the  daughter  nuclei  are  fully  reconstituted  the  fibe 
the  achromatic  figure  may  still  be  seen  in  the  inter-nuclear  c 
plasm  ;  they  persist  during  the  division  of  the  nuclei  and  even 
be  observed  in  the  cytoplasm  of  the  young  tetrad.  The  pres 
of  these  spindle-fibers  in  normal  mitoses,  and  the  total  absen 
them  in  abnormal  ones,  form  a  reliable  basis  for  judging  wh< 
the  mitosis  was  normal  or  abnormal,  but  this  of  course  w 
probably  not  be  true  if  the  divisions  were  so  nearly  norm; 
some  described  by  Juel,  Guyer  and  Metcalf.  Such,  however 
not  to  be  found  in  the  cotton  hybrid. 

The  daughter  nuclei  are  so  small  that  it  is  diflficult  to  stu< 
all  closely  the  sequence  of  changes  which  lead  up  to  and  ac 
pany  their  division,  and,  therefore,  I  contented  myself  with  ob 
ing  certain  definitive  phases  only. 

Continuous,  contractile  and  mantle  fibers  are  of  course  pr 
in  the  achromatic  figure,  but  the  latter  do  not  eventually  fc 
fibrillar  layer  in  the  cytoplasm  as  the  mantle  fibers  of  the  pr 
ing  division  do.  The  continuous  fibers  persist  and  may  be 
along  with  those  from  the  first  division  in  the  young  tetrad. 

In  the  prophases  of  this  division  the  chromatin  masses  an 
themselves  in  a  nuclear  plate  as  in  the  former  division,  but 
is  a  distinct  difference  between  the  chromatin  of  the  first  and  < 
second  mitosis.  In  the  prophases  of  the  second  mitosis  the 
mosomes  are  of  a  uniform  size  and  appearance  and  are  rod-sh 
I  was  not  able  to  make  out  the  presence  of  the  second  and 
cocious  split  which  in  some  forms  may  be  observed  at  this 
In  the  metaphase  each  chromosome  divides  into  two  equal 
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tions,  and  these  go  to  the  opposite  poles  of  the  spindle  and  there 
build  the  tetrad-nucleus. 

Although  in  many  regards  the  description  of  the  mitoses  just 
given  must  be  considered  as  a  meager  one,  I  think  that  enough 
has  been  said  to  show  that  they  are  the  exact  homologues  of  these 
nuclear  divisions  in  pure  races  of  plants.  That  is,  in  the  cotton 
hybrid  the  first  maturation  is  a  heterotypic  one  and  the  second  is 
homotypic. 

My  material  was  not  of  sufficient  amount  or  kind  to  permit  me 
to  study  the  subsequent  nuclear  division  of  the  tetrad,  or  the 
germination  of  the  spore. 

The  division  of  the  cell  does  not  take  place  until  the  daughter 
nuclei  are  formed  and  completely  reconstructed.  When  the  di- 
vision occurs  the  planes  of  division  are  at  a  sharp  angle  with  one 
another  and  pass  between  the  daughter  nuclei,  and  the  result  is  an 
equal  apportionment  of  the  cytoplasm  among  the  four  nuclei  of 
the  group.  Indentations  appear  in  the  periphery  of  the  cytoplasm 
and  midway  between  the  nuclei,  which  deepen  into  constrictions, 
and  finally  accomplish  the  separation  of  the  nuclei  and  the  forma- 
tion of  the  tetrads. 

A  cell- wall  is  not  organized  until  the  tetrads  are  built  and  the 
formation  of  the  wall  takes  place  as  follows  :  colorless  accretions 
appear  on  the  periphery  of  the  tetrad  ;  later  a  delicate  membrane 
may  be  distinguished  connecting  them.  Both  the  thickened  por- 
tions and  the  membrane  are  evidently  produced  by  secretion  and 
respond  to  the  test  for  cellulose.  Somewhat  later  the  spore-wall 
becomes  relatively  thick  by  the  addition  of  the  cuticularized  exine  ; 
the  places  where  the  cellulose  accretions  first  appear  mark  the  lo- 
cation of  the  germinal  pores. 

Abnormal  Nuclear  Divisions.  —  The  foregoing  account  of  the 
tetrad  formation  in  hybrid  cotton  is  based  on  the  study  of  anthers 
which  were  among  the  first  to  be  put  up,  namely  October  29, 
and  were  taken  from  the  form  known  as  **  34<J."  A  study  of  ma- 
terial collected  in  November  and  December  showed  that  most  of 
the  male  cells  were  perfectly  normal.  The  flowers  gathered  in 
January  were  unfortunately  older,  and  did  not  therefore  show  the 
division  stages,  but  the  appearance  of  the  cytoplasm  as  well  as  of 
the  nuclei  was  such  as  to  indicate  that  normal  mitoses  had  taken 
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place.  In  all  of  the  material,  however,  which  was  gathered 
in  the  season,  and  which  had  nuclei  in  the  process  of  divisi* 
the  time  of  putting  up  amitosis  occurred.  I  have  not  been 
satisfactorily  to  determine  whether  these  abnormal  divisions 
due  to  the  cultural  conditions,  to  the  fact  that  the  plant  v 
hybrid,  or  to  both  these  factors  with  the  added  one  that  the  flc 
were  the  last  to  form  on  the  plants. 

A  sharp  distinction  was  made  in  the  cotton  between  the  r 
of  the  abnormal  cells  which  accomplished  division,  and  those 
were  abnormal  but  degenerate  and  never  underwent  division  < 
by  the  direct  or  by  a  modification  of  the  indirect  method, 
generation  of  the  sex  cells,  either  of  the  archesporium  or  in 
stages,  could  be  found  to  some  extent  in  practically  all  of  thi 
terial  examined,  but  this  was  always  so  well  marked  structi 
that  no  confusion  arose  by  which  the  degeneration  of  the  cell 
questioned. 

When  the  degeneration  took  place  in  the  archesporial  c 
was  very  noticeable  both  in  the  nucleus  and .  the  cytoplasm, 
cytoplasm  assumed  various  conditions  and  structures.  It 
coarse  reticulum  of  rather  delicate  meshes  which  had  a  ur 
appearance  as  if  the  microsomes  were  wanting,  or  a  large  Vc 
occupied  the  center  of  the  cell,  pushing  the  nucleus  to  on 
and  causing  the  cytoplasm  to  gather  in  various  parts  of  th 
The  cytoplasm  of  the  degenerate  cells  takes  stains  with 
avidity.  This  is  especially  to  be  noticed  in  the  anthers  thai 
both  normal  and  degenerate  nuclei.  When  in  such  anthe 
cytoplasm  of  the  normal  cells  is  properly  stained  that  c 
degenerate  cells  will  always  be  badly  overstained.  This  i 
different  from  the  staining  capacity  of  cells  whose  nuclei  div 
the  direct  method,  since  these  cells  stain  in  a  perfectly  r 
manner. 

The  nuclei  of  degenerate  archesporial  cells  are  often  s 
than  those  of  the  normal  cells  in  the  same  anther,  the  n 
membrane  is  frequently  very  pronounced,  and  the  chrome 
are  of  the  size  and  number  of  the  somatic  ones.  I  found 
cells  which  were  preparing  for  the  first  division  and  which  h 
two-spindle  condition  observed  by  others  in  hybrids ;  but  I  c 
notice  any  such  nuclei  in  later  stages,  since  these  cells  degc 
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before  the  divisions  are  completed.  It  is  possible  that  the  same 
plants  grown  under  other  conditions  might  have  carried  the 
divisions  farther.  Besides  the  irregularities  in  division  as  just 
given,  others,  especially  in  the  achromatic  figure,  were  also  noted  ; 
in  some  cells  the  multipolar  spindle  was  seen  accompanied  by 
many  small  nuclei. 

Another  form  of  irregularity  occurred  which  is  not  so  clearly 
degenerate  but  which  must  also  be  considered  a  factor  that  leads 
to  infertility,  namely  the  direct  nuclear  divisions  in  cells  gathered 
the  later  portion  of  the  winter.  The  mother-cells  of  the  nuclei 
which  were  to  undergo  direct  division  were  apparently  like  their 
counterparts  in  which  normal  mitosis  would  occur  except  as 
regards  the  structure  of  the  cytoplasm,  which  retains  its  primitive 
condition  ;  that  is,  a  perinuclear  zone  is  not  differentiated,  and  a 
fibrillar  layer  is  not  present.  The  process  of  amitosis  consists  of 
a  division  of  the  nucleolus,  followed  by  an  equal  or  an  unequal 
direct  division  of  the  remainder  of  the  nucleus  such  that  a  nu- 
cleolus goes  to  each  daughter  nucleus. 

The  first  amitotic  nuclear  division  is  usually  equal,  and  the 
result  of  the  division  resembles  that  brought  about  by  the  indirect 
method,  and  also  the  second  division  may  be  equal  and  thus  a 
tetrad  group  in  appearance,  much  like  that  normally  organized, 
may  be  formed.  Usually,  however,  the  divisions  are  not  equal 
and  small  nuclei  are  associated  in  the  same  cell-complex  with 
larger  ones.  The  extreme  is  to  be  seen  when  the  nucleus  of  the 
mother-cell  fragments  and  the  cytoplasm  contains  numerous  small 
nuclei.  Some  of  the  forms  of  direct  division  are  shown  by  figures 
//,  i8  and  /p. 

Cell-division  may  or  may  not  follow  the  direct  nuclear  divi- 
sions. If  it  does,  tetrads  which  are  like  the  normal  ones  except 
as  to  the  presence  of  small  nodes  will  be  formed ;  if,  however,  cell 
division  does  not  take  place,  monstrous  pollen  grains  result.  Since 
the  tetrads  formed  as  a  result  of  direct  division  may  be  like  those 
organized  in  the  regular  manner  a  mere  macroscopic  examination 
of  the  mature  pollen  will  give  no  indication  of  the  genesis  of 
such,  and  hence,  it  may  be  supposed,  of  its  ability  to  germinate. 

By  way  of  general  summary,  I  may  say  that  in  the  anthers  of 
the  hybrid  cotton  one  finds  both  normal  and  abnormal  conditions. 
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The  first  maturation  division  in  the  normal  cells  is  he 
the  second  homotypic;  and  also  amitosis  occurs.  M 
tional  abnormalities  in  the  nuclei  were  observed  ;  such  nu 
ever,  do  not  undergo  division,  but  degenerate  in  the  ar< 
cell  or  some  later  stage,  in  every  case  before  the  first 
Among  such  irregularities  a  few  mother-cell  nuclei  were 
with  two  spindles  and  the  somatic  number  of  chromosom 
Columbia  University,  1902. 

Kxpianatlon  of  RiaCes 

Plate  7 

Fig.  I.  Microspore  mother-cell. 

Fig.  2.  Same. 

Fig.  3.  Split  spireme  ia  prophase  of  first  division. 

Fig.  4.  a,  d,  r,  d,  e;  typical  chromatin  loops  from  the  prophases 
division,  sliowing  the  double  splitting. 

Fig.  5.  Same  at  a  later  stage. 

Fig.  6.  Condensation  of  rings  into  chromosomes  preparatory  for  the 
sion  ;  breaking  down  of  the  nuclear  wall. 

Fig.  7.  Same,  later  stage. 

Fig.  8.  A  multipolar  spindle  which  is  becoming  a  bipolar  one. 

Fig.  9.  Metaphase  of  the  first  division. 

Fig.  id.  Anaphase  of  the  same  division,  somewhat  to  one  side  of  t 
line ;  in  the  section  next  to  this  one  the  p)oles  of  the  spindle  were  observed 
quite  to  the  periphery  of  the  cell. 

Plate  8 

Fig.  II.  Chromosomes  in  the  metaphase  of  the  first  division. 

Fig.  I2y  a.  Resting  daughter-nucleus,  b.  Sketch  of  same  nucleus,  froi 
section,  showing  its  relation  to  the  spindle,  and  that  of  the  latter  to  the  p< 
the  cell. 

Fig.  13.  Daughter-nuclei ;  the  reticular  character  of  the  cytoplasm 
shown ;  the  presence  of  inter-nuclear  fibrillae,  the  remains  of  the  continuou 
indicated. 

Fig.  14.  Early  anaphase  of  second  division ;  the  more  heavily  shade 
of  the  cytoplasm  indicates  the  position  of  the  perinuclear  xone  ;  the  fibrillai 
the  cytoplasm  is  shown. 

Fig.  15.  Metaphase  of  the  second  division. 

Figs.  16-19  are  of  abnormal  (amitotic)  nuclear  division  of  spore  mother 

Fig.  16.  Daughter-nuclei. 

Fig.  17.  Nuclei  of  different  sizes. 

Fig.  18,  a  and  b.  Tetrads  with  smaller  nuclei  scattered  in  the  cytoplasm. 

Fig.  19,  a  and  b.  Equal  and  unequal  direct  division  of  the  nucleus  of  tb< 
cell. 

Note.  — The  primitive  character  of  the  cjrtoplasm  is  shown  in  Figs.  16 
and  18^. 
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The  Publications  of  the  Department  of  Botany,  C<\ 
lambia  University,  consist  of  Memoirs  in  quarto  an 
Contributions  in  octavo. 

The  Memoirs  already^published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  Nprth  Americaa  Species  ^ 
\,hQ  Gtvixxs  Polygonum,     Pp.178.    84  plates.     1895.     Pric^ 
six  dollars. 

Vol.  II.  Rydberg.    A  Monograph  of  the  North  American  Poten 
tilleae.     Pp.224.     11*2  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 
Vol.  I.   Nos.  1-25  (1886-1892).    Out  of  print,  except  Nos.  6,  j 

II,  13, 17,  20,  21,  22,  24.    These  can  be  supplied  at  twenti 

five  cents  each,  except  No.  6,  which  is  one  dollar. 
Vol.  II.   Nos.  26-50  (1 892-1 894).     Nos.  26,  28,  29,  32,  33,  34,  3^ 

and  39  are  out  of  print ;  other  numbers  pan  be  supplied  a 

twenty  five  cents  each,  except  No.  35^  which  is  one  dolls^ 

and  a  half. 
Vol.  III.   Nos.  5i-;^5  (1 894-1 895).     Nos.  52,  54.  60,  and  72  ar 

out  of  print ;  others  can  be  supplied  at  twenty  five  cent 

each. 
Vol.  IV.   Nos.  76-100  (1895-1896).     Five  dollars;  single  nun^ 

bers  twenty  five  cents  each. 
Vol.  V.   Nos.  IOI-I2S  (1896-1897).     Five  dollars;  single,  num 

bers  twenty  five  cents,  except  No.  1 19  which  is  fifty  centsj 

and  No.  loi  which  can  only  be  supplied  with  full  volumes 
Vol.  VI.   Nos.  126-150(1897-1898).    Five  dollars.    Nos.  133, 13^ 

146,  and  150  can  be  had  only  in  orders  for  the  complete 

volume ;  other  numbers,  twenty  five  cents,  except  Nos.  1 2^ 

and  143,  which  are  fifty  cents  each. 
Vol.  VII.   No.  151-175  (1898-1901).    Five  dollars.    Nos.  157  and 

158*  cannot  be  furnished  separately ;  other  numbers  twent>l 

five  cents  each. 
Vol.  VIII.   No.  176-200  (1901-1902).     Five  dollars;  single  numJ 

bers  twenty  five  cents,  except  No.  176  which  is  fifty  centsj 
Vol.  IX.   No.  201 — (current).  ' 

♦  Nos  157  and  158,  with  the  set  of  nine  papers  by  Mr.  Bicknell  on  Sisyrinch%um\ 
can  be  had  for  one  dollar  and  fifty  cents. 

I 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 
Columbia  University,  Professor  of  Botany, 

New  York  city. 
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Botanical  Explorations  in  Georgia  during  the  Summer  of  1901.— 

I.  Itinerary 

By^Roland  M.  Harper 

My  work  on  the  flora  of  Georgia  in  1901  was  chiefly  confined 
to  the  coastal  plain,  where  more  interesting  botanical  problems 
seem  to  be  encountered  than  in  any  other  part  of  the  state,  I  en- 
tered the  state  at  Savannah  on  the  4th  of  June,  and  on  the  morn- 
ing of  the  same  day  went  up  to  Millen,  78  miles  northwest  of 
Savannah,  on  the  line  between  Burke  and  Screven  counties,  and 
about  a  mile  east  of  the  Ogeechee  River,  which  here  forms  the 
northern  boundary  of  Emanuel  County.  On  the  5th  I  made  two 
trips  to  the  river  (nos.  756-801),*  exploring  the  swamps  on  both 
sides  of  it. 

On  the  following  day  I  went  to  the  northern  part  of  Bulloch 
County  for  a  few  weeks'  stay  at  the  home  of  a  friend.  Soon  after 
crossing  the  Ogeechee  River  the  pine-barrens  (which  are  almost 
wanting  in  the  vicinity  of  Millen),  with  their  characteristic  flora, 
made  their  appearance.  At  Graymont,  in  Emanuel  County,  where 
I  left  the  railroad,  I  stopped  to  do  a  little  collecting  (nos.  803- 
820)  before  proceeding  to  my  destination. 

From  the  7th  to  the  1 8th  I  was  occupied  in  making  the  ac- 
quaintance of  the  plants  of  Bulloch  County,  collecting  during  this 
time  several  species  of  more  than  ordinary  interest  (nos.  821-916). 
The  flora  (making  allowance  for  the  difference  in  season)  and  the 
topography  of  northern  Bulloch  County  were  found  quite  similar 
to  those  of  that  part  of  Coffee  County  visited  in  September,  1900. 

The  floral  areas  of  northern  Bulloch  County  fall  quite  readily 
into  the  following  five  principal  classes  :  sand-hills,  dry,  rather  dry^ 
and  wet  pine-barrens,  and  swamps  (the  last  being  perhaps  capable 
of  some  subdivision).  Each  intergrades  more  or  less  with  those 
next  to  it,  but  it  is  rare  for  any  one  species  to  be  found  in  more 
than  two  of  them.  Some  genera,  however,  have  representatives 
in  all.     This  is  notably  the  case  with  Rhynchospora,  which  seems 

*  These  numbers  refer  to  the  plants  collected. 
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to  be  one  of  the  largest  genera  of  spermatophytes  in  this  part 
the  state;  The  pine-barren  ponds  which  are  so  characteristic 
some  parts  of  southwest  Georgia  are  rare  or  wanting  here. 

Bulloch  County  is  of  interest  historically  as  having  been  in  c 
probability  at  one  time  the  home  of  Mr.  John  Abbot,  who  has  ; 
skilfully  portrayed  a  number  of  the  interesting  plants  of  Georg 
in  his  **  Natural  History  of  the  rarer  Lepidopterous  Insects 
Georgia,"  published  in  1797.  Having  examined  this  work  a  fe 
weeks  previously,  I  noticed  on  coming  to  Bulloch  County  tl 
large  number  of  plants  growing  in  the  vicinity  which  had  bet 


Fig.  I.     Scene  on  the  dunes  of  Tybee  Island,  showing  Sabal  Palmetto.     June  21. 

figured  by  Mr.  Abbot,  a  larger  proportion  than  I  had  ever  see 
elsewhere  ;  and  I  collected  several  of  them  in  order  to  throw  mor 
light  on  those  which  had  never  been  definitely  identified. 

On  June  19  I  went  down  to  Savannah  to  spend  a  few  days  i 
that  vicinity.  On  the  20th  I  collected  (nos.  91 7-922)  near  Guytor 
in  Effingham  County,  thirty  miles  from  Savannah,  and  on  the  21s 
(nos.  923-933)  on  Tybee  Island,  at  the  mouth  of  the  Savannal 
River.  In  Savannah  I  was  joined  by  my  brother.  Otto  T.  Harper 
who  accompanied  me  most  of  the  time  during  the  rest  of  thi 
summer,  and  assisted  me  with  some  of  the  work. 
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On  the  22d  I  was  back  in  Effingham  Count)-,  and  in  the  after- 
noon walked  from  Gu>'ton  to  Springfield,  the  county  seat,  about 
SIX  miles  back  from  the  railroad  (nos.  934-938).  The  pine-bar- 
rens around  Guyton  differ  from  those  farther  inland  in  being  more 
level  and  full  of  shrubs,  mostly  Ilex  glabra^  with  some  Xolisma 
faruginea  and  two  or  three  small  species  of  Quercus.  In  the 
vicinity  of  Springfield,  however,  a  marked  difference  is  to  be  noted. 
About  half  way  from  Guyton  to  Springfield  the  country  becomes 
rather  hilly,  and  the  pine-barrens  disappear,  giving  way  to  shady 
deciduous  woods  sheltering  many  species  of  more  northern  distri- 
bution.    This  feature  continues  the  rest  of  the  way  to  Springfield 


Fig.  2.  Rosemary  sand-hills,  Emanuel  County,  Georgia.  "  Rosemary  "  (Cerati- 
oU  eruoides)  in  the  foreground.     June  28. 

and  probably  some  distance  beyond.  Springfield  is  on  the  divide 
between  the  Ogeechee  and  Savannah  rivers,  and  must  be  consid- 
erably higher  than  Guyton,  which  is  near  the  Ogeechee  and  only 
about  seventy-five  feet  above  sea-level. 

On  June  24  I  returned  to  Bulloch  County,  by  way  of  Dover, 
Statesboro  and  Pulaski,  collecting  a  few  plants  (nos.  939-943)  at 
the  latter  place  before  starting  across  the  country  to  my  destina- 
tion.    For  the  next  ten  days  I  continued  my  studies  of  the  flora  of 
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Bulloch  County,  with  most  interesting  results.  During  the  first  fe 
days  of  my  stay  there  I  had  heard  some  mention  of  a  "  Rosema 
Church,"  several  miles  away,  and  on  asking  my  friends  if  it  did  n 
derive  its  name  from  some  plant,  I  was  answered  in  the  affirmati\ 
and  was  given  an  interesting  description  of  the  place,  but  it  w 
not  until  June  28  that  I  had  an  opportunity  to  visit  it.  Rosema 
Church  is  situated  on  the  left  bank  of  Fifteen  Mile  Creek, 
Emanuel  County,  among  sand-hills  of  quite  a  different  type  fro 
those  seen  elsewhere.  The  sand  here  is  whiter  than  that  of  i 
ordinary  sand-hills,  and  is  said  to  be  deeper,  but  as  far  as  > 
know  at  present  it  is  of  the  same  Columbia  formation.  Ceratic 
ericoides,  the  "rosemary,"  from  which  the  place  takes  its  nam 
is  the  most  characteristic  plant.  The  flora  is  not  so  rich  as  th 
of  the  ordinary  sand-hills,  but  is  composed  mostly  of  differe 
species,  some  of  which  will  be  mentioned  in  the  latter  part  of  t\ 
paper.  The  absence  of  grasses  is  a  noteworthy  feature.  The 
rosemary  sand-hills  doubtless  represent  the  extreme  of  xerophyl 
conditions  in  this  region.  My  numbers  975-984  were  secured  \ 
this  trip  to  this  rosemary  sand-hills  in  Emanuel  County,  ai 
numbers  944-974  and  985-988  were  collected  in  Bulloch  durii 
the  remainder  of  my  stay  there. 

This  eastern  portion  of  the  coastal  plain  of  Georgia  was  qui 
familiar  ground  to  Bartram,  Michaux,  Elliott,  Baldwin,  Beyrich  ai 
other  early  botanists,  but  has  been  considerably  neglected  sin 
their  time.  After  seeing  many  of  the  species  of  these  authors 
their  type  regions  I  found  that  I  was  able  to  understand  the 
much  better  than  before.  This  kind  of  study  is  much  more  sat 
factory  in  many  cases  than  any  amount  of  examination  of  tyj 
specimens,  too  many  of  which  are  poorly  preserved  or  accoi 
panied  by  insufficient  data. 

On  the  morning  of  July  3  I  left  Bulloch  County  and  dro 
over  to  Graymont  on  my  way  to  the  southwestern  part  of  t 
state,  stopping  there  again  to  collect  a  few  plants  (nos.  989-99; 
At  Stillmore  I  also  had  a  few  hours  to  wait,  and  collected  the 
numbers  994-996.  During  the  afternoon  I  proceeded  to  Collir 
in  Tattnall  County,  where  I  remained  until  the  next  morning  (nc 
997-1002).  Collins  seems  to  be  in  the  same  belt  of  flat  count 
as  Waycross,  though  it  is  considerably  higher  (235  feet  above  s 
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leveJ).    The  rolling  country  appears  again  immediately  west  of 
Collins,  however. 

On  the  4th  I  resumed  my  journey,  and  after  traveling  almost 
due  west  for  126  miles,  mostly  through  rolling  pine-barrens, 
stopped  at  Leslie,  in  Sumter  County,  where  I  had  spent  some  time 
the  previous  year,  though  later  in  the  season.  My  brother  had  pre- 
ceded me  there  by  several  days.  We  made  Leslie  our  headquar- 
ters until  the  latter  part  of  August,  in  the  meanwhile  making  several 
trips  of  greater  or  less  extent  to  various  places  south  and  west  of 
there.  Within  easy  walking  distance  of  Leslie,  in  the  counties  of 
Sumter,  Lee  and  Dooly,  I  collected  numbers  1003-1017,  1025- 
1082  and  1102-1126  in  July  and  1241-1247  in  August.  Num- 
bers 1018-1024  and  1 1 27-1 146  were  collected  in  and  near  Amer- 
icus  in  July. 

On  July  17  we  started  on  a  journey  to  the  Chattahoochee 
River,  about  seventy  miles  west,  passing  through  the  counties  of 
Webster  and  Stewart,  and  into  the  terrane  of  the  Cretaceous  forma- 
tions, corresponding  to  the  *'  Central  Prairie  Region  '*  of  Alabama. 
The  prairie  feature  seems  to  be  lacking  in  Georgia,  however,  this 
r^on  being  more  hilly  than  any  other  portion  of  the  coastal  plain 
of  the  state,  some  of  the  hills  rising  to  a  height  of  about  700  feet 
above  sea-level.  As  far  as  I  am  aware,  nothing  has  ever  been  pub- 
lished on  the  flora  of  this  Cretaceous  region  of  Georgia,  beyond  a 
few  references  by  Bartram,  who  passed  through  the  upper  part  of 
it  in  the  summer  of  1776,  and  described  the  natural  features  of  the 
country  in  his  **  Travels,*'  published  several  years  later.  Unfor- 
tunately a  large  proportion  of  this  region  is  now  under  culti- 
vation or  has  been  otherwise  tampered  with,  making  the  study 
of  its  natural  floral  conditions  rather  difficult,  and  in  our  short 
stay  I  did  not  have  time  to  wander  far  from  the  highways  of  travel 
in  order  to  study  the  more  primitive  conditions. 

On  the  morning  of  the  i8th  I  collected  numbers  1083-1087 
at  Lumpkin  and  Union  in  Stewart  County  during  the  stops  of  our 
train.  That  afternoon  we  stopped  at  Omaha,  the  last  station  on 
the  Georgia  side  of  the  river,  and  walked  down  the  river  a  few 
miles  (nos.  1088-1094).  The  most  interesting  plants  were  found 
immediately  on  the  banks  of  the  river,  which  are  here  about  sixty 
feet  high  and  very  steep,  and  are  covered  with  a  dense  growth  of 
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trees,  of  great  variety  and  often  of  magnificent  proportions,  inter- 
spersed with  cane-brakes  ol  Artindinaria  gigantea  twenty  or  twenty- 
five  feet  tall.  Taxodium  distickum  is  here  conspicuous  by  its  ab- 
sence, whether  because  of  the  steepness  of  the  banks,  or  for  some 
other  reason,  I  do  not  know.  These  banks  are  so  high  that  they 
are  never  overflowed,  consequently  there  are  no  "bottom  lands  " 
along  the  river  here. 

At  the  time  and  place  of  our  visit  to  the  Chattahoochee  River 
about  ten  feet  of  Cretaceous  rocks  were  exposed  at  the  base  of 
the  bank,  rising  perpendicularly  from  the  water's  edge,  the  rest  of 
the  bank  being  composed  of  the  Columbia  sands.  Very  few  flow- 
ering plants  grow  on  these  rocks,  which  are  difficult  of  access  on 
account  of  their  perpendicularity,  but  numerous  springs  issuing 
from  the  bank  along  the  line  of  contact  of  the  two  formations 
supply  moisture  for  many  mosses  and  liverworts. 

Early  the  next  morning  we  visited  an  interesting  pond  (the 
only  one  seen  in  the  Cretaceous  region)  in  the  woods  south  of 
Omaha  (nos.  109 5- 1099).  Later  in  the  day  we  went  up  the  left 
bank  of  the  river  a  few  miles  (nos.  1 100,  i  loi),  then  turned  away 
from  the  river  and  walked  east  as  far  as  Louvale.  On  the  morn- 
ing of  the  20th  we  walked  to  Lumpkin,  and  from  there  took  the 
next  train  back  to  Leslie,  Between  the  river  and  Louvale  I  did 
not  stop  to  do  any  collecting,  but  made  many  notes  on  the  flora 
of  the  Cretaceous  uplands.  The  flora  of  this  region,  at  least  in 
Stewart  County,  seems  to  be  mostly  a  mixture  of  that  of  the 
Tertiary  region  nearer  the  coast  and  the  metamorphic  region  on 
the  north,  with  few  if  any  endemic  species.  The  abundance  of 
Arundinaria  is  one  peculiar  feature,  however,  as  in  the  corres- 
ponding portion  of  Alabama.  The  Cretaceous  region  of  Georgia 
is  doubtless  analogous  to  the  ** tension  zone"  of  New  Jersey  (de- 
scribed by  Dr.  HoUick  *),  which  is  also  Cretaceous. 

Our  next  trip  outside  of  Sumter  County  was  on  the  first  three 
days  of  August,  to  Adams,  in  Lee  County,  midway  between 
Americus  and  Albany.  While  traveling  southward  from  Amer- 
icus  I  was  interested  to  see  the  same  succession  of  topographic 
and  floral  zones  that  I  was  already  familiar  with  between  Americus 
and  the  Flint  River  to  the  eastward.     These  zones,  which  seem 

*Am.  Nat.  33:  1-14,  109-116.     1899. 
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to  correspond  with  certain  geological  formations,  here  run  in  a 
general  northeasterly  and  southwesterly  direction. 

On  the  train  I  met  a  former  acquaintance,  whose  home  was 
in  Baker  County,  and  after  I  had  explained  to  him  the  object  of  my 
travels  he  mentioned  that  the  cane  (doubtless  Arundinaria  giganted) 
had  flowered  in  the  vicinity  of  his  home  that  spring,  an  occur- 
rence which  had  never  before  been  known  to  the  oldest  inhabi- 
tants. This  corresponds  with  the  observations  of  Dr.  Mohr  in 
Alabama,  published  on  the  preceding  day.* 

Adams  is  evidently  in  the  same  pine-barren  zone  as  Leslie,  but 
around  Adams  the  Lafayette  formation  is  mostly  overlaid  by  the 
Columbia,  which  makes  some  difference  in  the  flora.  We  re- 
mained in  the  vicinity  until  the  3d,  during  that  time  crossing 
Kinchafoonee  Creek  on  the  west  and  Muckalee  on  the  east  (nos. 
1 147-1 162).  On  the  east  side  of  Muckalee  Creek,  some  eight 
or  ten  miles  southeast  of  Adams,  are  some  interesting  lime- 
sinks,  a  few  of  which  were  visited  on  the  afternoon  of  the  2d. 
On  the  return  trip  to  Leslie  the  next  day,  which  was  made  partly 
on  foot,  I  collected  Plantago  sparsiflora  (no.  1 163)  near  Smithville 
in  Lee  County  and  an  apparently  undescribed  species  of  Mesadenia 
(no.  1 1 64)  a  few  miles  south  of  Leslie  in  Sumter  County. 

The  following  week  we  started  on  a  more  extensive  trip  to  the 
extreme  southwestern  part  of  the  state,  by  way  of  Americus  and 
Albany.  Our  first  stop  on  this  trip  was  at  Camilla,  in  Mitchell 
County,  on  the  7th  and  8th  (nos.  1 165-1 170).  The  most  interest- 
ing natural  feature  in  the  vicinity  of  Camilla  is  the  **  Slough,"  which 
is  shown  on  most  maps  of  Georgia,  though  I  have  never  yet  seen 
it  mentioned  otherwise.  It  is  represented  on  the  maps  as  a  body  of 
water  about  twenty  miles  long  and  one  or  two  miles  wide,  approxi- 
mately parallel  to  the  Flint  River  in  Mitchell  and  Decatur  coun- 
ties. But  it  is  not  a  body  of  water  at  all,  nor  even  a  swamp. 
That  portion  of  it  which  we  explored,  a  mile  or  two  west  of  Ca- 
milla, is  simply  a  broad  shallow  depression  about  a  mile  wide  and 
perhaps  ten  feet  lower  than  the  surrounding  country.  At  the  time 
of  our  visit  there  was  considerable  water  in  it  as  a  result  of  recent 
rains  (August  being  one  of  the  wettest  months  in  that  part  of  the 
country),  but  it  is  said  to  be  ordinarily  quite  dry  for  its  whole 

•ConU-.  U.  S.  Nat.  Herb.  6 ;  103,  389.     1901. 
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length,  except  in  a  few  holes  which  are  deep  enough  to  hold  water 
throughout  the  year.  The  flora  of  the  Slough  is  not  very  remark- 
able. The  principal  woody  plants  in  it  are  medium-sized  bushes 
of  Quercus  Virginiana,  Crataegus  aestivalis,  and  Diospyros  Vir- 
gitdana,  with  Pintis  palustris  in  drier  places.  Among  the  herba- 
ceous species  in  the  Slough  may  be  mentioned  Sporobolus  Flori- 
danus^  Acerates  Floridana,  Breweria  aquatica,  Diodia  teres,  Chrys- 
opsis  graminifolia  and  Rudbeckia  Mohrii,  This  is  very  much  the 
same  kind  of  flora  as  is  found  around  the  mayhaw  {Crataegus 
aestivalis^  ponds  of  Sumter  County.  Natna  ovata,  conspicuous 
with  its  large  bright  blue  flowers,  was  the  only  species  found  in 
the  Slough  which  I  had  not  seen  elsewhere. 

On  the  8th  we  continued  our  journey  as  far  as  Thomasville. 
The  next  day  was  occupied  with  a  trip  to  the  type  locality  of 
Nymphaea  orbiailata,  about  six  miles  northeast  of  the  city  (nos. 
1 171-1  i8i).  On  the  loth  we  traveled  west  21  miles,  to  Whigham, 
in  Decatur  County,  in  the  midst  of  a  topographically  and  botani- 
cally  remarkable  region.  The  surrounding  country  is  quite  hilly, 
much  more  so  than  that  a  few  miles  to  the  northward,  and  the 
forests  are  composed  almost  entirely  of  deciduous  trees.  Although 
less  than  sixty  miles  from  the  Gulf  of  Mexico,  one  standing  in 
these  deciduous  forests  could  easily  imagine  himself  among  the 
mountains  250  miles  farther  north.  Similar  conditions  prevail  near 
Thomasville,  though  perhaps  not  in  such  marked  degree ;  also  at 
Tallahassee,  Florida  (which  is  about  thirty  miles  from  Whigham), 
according  to  the  reports  of  geologists  and  botanists  who  have  been 
there.* 

Five  or  six  miles  north  of  Whigham  these  densely  wooded 
hills  terminate  and  the  comparatively  level  pine-barrens  of  the 
Lower  Oligocene  or  lime-sink  region  are  again  seen.  About 
seven  miles  from  Whigham  is  one  of  the  most  remarkable  lime- 
sinks  in  the  state.  It  is  known  to  some  geologists  as  Forest  Falls, 
but  the  inhabitants  of  that  region  call  it  simply  the  **  Lime  Sink." 
There  is  a  full-page  illustration  of  it  with  description  in  Bulletin 
No.  5  of  the  Georgia  Geological  Survey.  This  lime-sink  differs 
from  all  others  which  I  have  seen  in  its  great  depth  (about  ninety 
feet)  and  in  containing  a  waterfall  eighty  feet  high,  making  it  one 

*  See  Nash,  Bull.  Torrey  Club,  33  :  96.     1896. 
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of  the  most  beautiful  natural  features  in  South  Georgia.  I  know 
of  no  other  such  waterfall  in  the  entire  coastal  plain  of  the  eastern 
United  States.  The  side  of  the  sink  opposite  the  falls  is  not  too 
steep  to  allow  of  an  easy  descent  to  the  bottom,  and  we  spent  a 
couple  of  hours  at  this  interesting  spot  on  the  morning  of  August 
i2(nos.  1190-1194). 

On  leaving  Forest  Falls  we  walked  southwestward  toward 
Bainbridge  about  nine  miles  (nos.  1195-1201),  to  visit  a  pond 
which  is  also  illustrated  in  the  bulletin  just  mentioned.  There  it 
is  called  Fairview  Lake,  but  we.  found  **  Open  Pond  "  to  be  the 
name  in  current  use  in  the  vicinity.  This  pond  is  about  half  a 
mile  in  diameter,  and  takes  its  name  from  the  fact  that,  unlike 
most  of  the  ponds  of  the  coastal  plain,  there  is  no  vegetation  show- 
ing above  its  surface  except  a  few  bushes  near  the  shore.  The 
water  is  unusually  clear,  and  the  shore  is  sandy,  affording  a  habi- 
tat for  several  very  interesting  plants  (nos.  1202- 1206).  In  all 
these  respects  it  resembles  very  much  some  of  the  ponds  of  New 
England. 

Early  the  next  morning  we  explored  another  pond  about  the 
size  of  Open  Pond  and  two  miles  north  of  it,  of  which  we  had  been 
told  on  the  previous*  day.  This  latter  is  known  as  **  Cane  Water 
Pond,"  and  is  said  to  derive  its  name  from  the  abundance  in  it  of 
roaiden-cane  {Panicum  digitarioides).  It  is  very  different  from  Open 
Pond,  being  surrounded  by  cypress  {Taxodium  imbricarium) 
swamps  and  filled  with  a  luxuriant  aquatic  vegetation.  Here  we 
had  the  use  of  a  boat,  so  were  able  to  explore  the  pond  somewhat 
thoroughly  (nos.  1208-12 1 3).  Cane  Water  Pond  is  remarkable 
for  containing  a  representative  of  each  of  our  five  North  Ameri- 
can genera  of  Nymphaeaceae,  viz.,  Cabomba,  Brasenia,  N dumbo, 
Nymphaea  and  Castalia,  The  Brasenia  and  Nelumbo  are  of 
course  the  same  species  as  found  in  the  northern  states,  but  the 
other  three  genera  are  represented  by  different  forms  which  will 
be  mentioned  later.  The  Nelumbo  is  quite  rare,  but  the  other  four 
are  abundant  and  their  floating  leaves  together  with  those  of  Lim- 
nanthemum  aquaticum  serve  to  cover  the  surface  of  the  pond  very 
densely,  leaving  only  two  or  three  open  spaces  a  few  yards  across. 
Another  interesting  feature  of  Cane  Water  Pond  is  the  presence  in 
It  of  several  floating  islands,  composed  principally  of  Triadenum 
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Virginicum,  Ludwigia  sphaerocarpa^  Ludwigiantha  arcuata^  Ceph- 
alanthus  occidentalism  and  a  small  spedes  of  Eleocharis.  The 
Cephalantkus  is  probably  attached  to  the  bottom,  but  the  other 
species  have  no  direct  connection  with  the  soil. 

Around  both  Cane  Water  and  Open  Ponds,  and  all  the  way 
between  them,  the  soil  is  of  the  Columbia  sands,  loose  and  dry, 
giving  rise  to  a  flora  not  unlike  that  of  the  sand-hills  of  southeast 
Georgia.  In  such  situations  numbers  1214  and  1215  were  col- 
lected. 

From  Cane  Water  Pond  we  retraced  our  steps  to  Open  Pond 
followed  the  road  from  there  toward  Bainbridge  about  two  miles 
and  then  went  back  to  Whigham  by  a  different  road.  Soon  afte 
turning  back  toward  Whigham  we  passed  a  limited  area  of  ver 
dry  white  sand,  similar  to  that  of  the  rosemary  sand-hills  of  Emai 
uel  County  and  containing  a  few  of  their  characteristic  specie 
which  were  not  seen  elsewhere  in  southwest  Georgia  (nos.  121 
1217). 

From  Whigham  I  went  alone  on  August  14  to  Saffold,  in  tl 
southwestern  corner  of  Early  County,  on  the  Chattahoochee  Riv< 
and  collected  along  and  near  the  river  that  afternoon  and  the  ne 
morning  (nos.  1 218-1232).  The  banks  of  the  Chattahoochee 
this  point,  about  thirty  miles  from  its  confluence  with  the  Fl 
and  a  hundred  feet  above  sea  level,  are  only  about  half  as  high 
they  are  near  Omaha,  but  still  quite  steep.  As  they  are  here  si 
ject  to  occasional  overflow  the  flora  is  rather  different  from  t 
farther  up.  Rhus  copcdlina,  ArcUia  spinosa  and  Bumelia  lyciou 
species  which  elsewhere  are  usually  shrubs,  here  become  tr 
arborescent.  Specimens  of  Aralia  with  trunks  six  inches  in  dij 
eter  and  twenty-five  feet  tall  and  of  Bumelia  eight  inches  thick 
about  fifty  feet  tall  were  observed. 

There  are  several  small  lime-sinks  between  the  station  and 
river,  though  this  is  very  near  the  inland  edge  of  the  lime- 
region.  A  short  distance  north  of  the  station  is  a  rather  rem 
able  feature  for  this  part  of  the  state,  a  steep  rocky  wooded  hill 
sloping  toward  the  river,  with  of  course  a  rather  peculiar  f 
The  outcropping  rocks,  which  are  very  hard  and  siliceous, 
clothed  with  mosses  and  lichens,  and  Aspleniutn  platyneuron  g 
in  their  crevices,  just  as  it  does  in  the  mountainous  parts  oi 
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state.  Among  the  flowering  plants  inhabiting  this  hillside  are 
DioscoreUy  Hydrangea  querctfolia^  Cercis,  Phaseolus  polystachyus^ 
Erytkrina  herbacea,  Viola  villosa,  Yeatesia,  Polymnia  Uvedalia  and 
Melanthera  hastata.  Some  fragments  of  the  rock  from  this  place 
have  been  identified  by  means  of  their  fossils  as  Lower  Oligoccne. 
About  noon  on  the  1 5th  I  went  back  thirty  miles  over  the 
same  route  I  had  come  the  day  before,  to  West  Bainbridge,  where 
I  collected  numbers  1 233-1 238  in  the  Columbia  sands  along  the 
Flint  River,  and  during  the  afternoon  I  traveled  forty  miles  north- 
ward on  the  Geoi^^  Pine  Railway  through  Miller  and  Early 
Counties  to  Arlington,  in  Calhoun  County  (nos.  1239,  1240). 
Arlington  seems  to  be  in  the  same  pine-barren  zone  as  Leslie,  but 
on  account  of  a  heavy  rain  the  next  morning  I  was  not  able  to 
study  carefully  the  similarity  of  the  floras.  On  the  afternoon  of 
the  16th  I  continued  my  journey  to  Albany,  where  I  had  a 
few  hours  to  wait,  so  I  went  out  across  the  Flint  River  to  have 
a  look  at  the  flora  and  geological  features,  but  did  no  collecting 
because  this  locality  had  been  already  pretty  well  explored  by 
Dr.  Chapman,  Dr.  Small  and  other  botanists. 

From  Bainbridge,  at  the  coastward  edge  of  the  lime-sink 
region,  to  Sumter  County,  at  its  inland  edge,  the  flora  of  the 
banks  of  the  Flint  River  does  not  seem  to  vary  much,  and  all  the 
spedes  seen  at  Albany  were  the  same  as  those  already  seen  else- 
where. From  Albany  I  went  to  Cordele,  crossing  the  Flint 
River  at  still  another  place,  where  it  forms  the  boundary  be- 
tween Lee  and  Worth  Counties,  and  returned  to  Leslie  the  morn- 
ing of  August  17. 

Ten  days  later  I  started  for  the  metamorphic  region,  going  by 
way  of  Richland  and  Columbus.  At  the  latter  place  I  crossed 
the  Chattahoochee  River  to  examine  some  of  the  geological 
features  of  the  fall-line  (the  inland  boundary  of  the  coastal  plain). 
On  the  morning  of  August  28  I  left  the  coastal  plain  and  went 
up  to  Woodbury,  in  Meriwether  County,  near  the  Flint  River,  5 1 
miles  from  Columbus,  where  I  stopped  two  days  (nos.  1 249-1 273). 

The  most  noteworthy  natural  feature  in  the  vicinity  of  Wood- 
bury is  the  range  of  Pine  Mountains,  which  extends  approximately 
east  and  west  through  the  counties  of  Harris,  Meriwether,  Talbot 
and  Upson.     These  are  the  southernmost  mountains  in  the  eastern 
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United  States,  but  they  are  rarely  shown  on  maps  and  are  very 
little  known  outside  of  their  immediate  vicinity.  The  only 
measurement  of  their  altitude  which  I  can  find  was  made  some 
years  ago  over  G.  M.  &  G.  R.  R.  tunnel  thirteen  miles  below 
Woodbury,  and  is  1,148  feet  This  range  passes  within  two  or 
three  miles  of  Woodbury,  where  the  Flint  River  cuts  through  it 
in  a  narrow  gap  or  gorge  about  400  feet  deep.  Most  of  my 
collecting  among  the  Pine  Mountains  was  done  in  the  vicinity  of 
this  gap,  in  Meriwether  and  Upson  Counties.  The  mountains  are 
very  steep,  especially  in  the  vicinity  of  the  river,  where  they  rise 
abruptly  from  the  water's  edge  with  a  slope  of  about  45°.     The 


Fig.  3.  Pine  Mountains  near  Woodbury,  showing  gap  of  Flint  River;  looking 
southeastward  from  an  isolated  peak  near  the  river.     Aug.  29. 

rock  of  which  they  are  composed  is  a  hard  sandstone,  which  gives 
rise  on  disintegration  to  a  very  sandy  soil,  supporting  a  flora 
which  is  quite  different  from  that  of  eastern  Middle  Georgia  and 
resembles  in  many  ways  that  of  the  coastal  plain. 

These  mountains  take  their  name  from  Pinus  palustris,  which 
is  abundant  all  over  them,  often  attaining  as  large  dimensions  as 
in  the  pine-barrens  of  South  Georgia.  Its  occurrence  here  is  not 
mentioned  in  even  the  most  recent  publications  of  the  state  agri- 
cultural  department,  and   was  therefore  entirely   unexpected.     I 
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heard  of  a  few  sawmills  in  operation  among  these  mountains,  but 
saw  little  evidence  of  their  work.  The  flora  of  the  dry  southern 
slopes  of  the  mountains  is  not  unlike  that  of  some  of  the  dry 
pine-barrens  icx)  miles  farther  south,  being  characterized  by  such 
species  as  Andropogon  furcatus,  Paspalum  bifidum,  Cy perns  retro- 
fractus.  Yucca  filatnentosa.  Agave  Virginica,  Quercus  Caiesbaei, 
Cea?iothus  Americanus,  Crotalaria  rotundifolia,  Indigofera  Caro- 
liniana,  Cracca  Virginiana,  Stylosanthes  biflora,  Vaccinium  arbo- 
reum,  Asclepias  verticillata^  Vernonia  angustifolia  and  Chrysopsis 
graminifolia.  On  the  shaded  northern  slopes  however  many 
Alleghanian  species  are  met  with,  such  as  Dryopteris  Novebora- 
censis,  Uvularia perfoliata^  Polygonatufn  biflorum,  Trillium  stylosum, 
Quercus  rubra^  Castanea  dentata,  Magnolia  Fraseri^  Heuchera 
Americana,  Robinia  Pseudacacia  and  Antennaria  solitaria.  Along 
the  banks  of  the  river  at  the  base  of  the  mountains  two  species 
which  are  usually  confined  to  the  swamps  of  the  coaStal  plain, 
Nyssa  uniflora  and  Cyrilla  racemiflora,  are  quite  common  at  650 
feet  altitude,  the  latter  sometimes  growing  on  rocky  cliffs  with 
Kalmia  latifolia.     The  former  extends  up  the  river  to  Pike  County. 

Near  Woodbury,  at  about  775  feet  altitude,  are  some  bogs 
with  a  flora  much  like  that  of  similar  places  around  Americus, 
containing  such  lowland  species  as  Lycopodiurn  pinnatum,  Cypents 
Haspan^  Eleocharis  tuberculosa,  Rhynchospora  axillaris,  Juncus 
trigof wear  pus,  Polygala  cruciata,  Rhexia  Virginica,  Eryngium  vir- 
gatum,  Gratiola  pilosa  and  others  which  will  be  mentioned  later. 
On  the  29th  I  went  over  into  Pike  County  a  few  miles,  and  col- 
lected a  few  plants  in  a  similar  bog  at  about  the  same  altitude, 
which  contained  besides  some  of  the  species  just  mentioned  Selena 
triclwpoda,  Rhexia  ciliosa,  Cynoctonum  sessilifolium.  Viburnum 
nudum,  Eupatorium  verbenaefolium  and  E.  rotufidifolium. 

On  the  30th  I  proceeded  to  Griffin,  twenty-nine  miles  farther, 
noticing  on  the  way  that  Pinus  palustris  extended  up  into  Spalding 
County  to  within  a  few  miles  of  Griffin.  One  species  was  col- 
lected in  the  woods  near  the  Experiment  Station  that  afternoon. 

The  next  day  I  went  by  way  of  McDonough  up  to  Atlanta, 
where  I  rejoined  my  brother.  On  September  3,  we  were  at  Col- 
lege Park,  making  collections  in  that  vicinity,  in  the  southern  edge 
of  Fulton  County  and  adjacent  portions  of  Campbell  (nos.  1275- 
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1283).  Two  days  later  we  went  up  to  Dalton,  from  which  point 
we  made  only  one  excursion  before  leaving  the  state,  collecting 
numbers  1 284-1 292  on  the  Oostanaula  Shale  about  two  miles 
east  of  the  city. 

The  number  of  days  which  I  spent  in  Georgia  in  1901  was 
the  same  as  in  the  previous  year,  and  although  not  so  many- 
specimens  were  collected,  more  was  accomplished  in  other  ways. 
My  travels  by  rail  within  the  state  covered  about  1,380  miles,  and 
as  about  98  per  cent,  of  this  distance  was  traversed  in  the  day- 
time, I  was  able  to  make  observations  on  the  flora  of  nearly  every 
mile  traversed.  I  collected  in  twenty-four  counties,  and  made 
notes  on  the  flora  of  seventeen  others.  Over  100  photographs 
illustrating  my  observations  were  taken. 

Among  the  noteworthy  results  of  my  trip  may  be  mentioned 
the  re-discovery  of  Elliottia  racemosa*  the  finding  of  inexhaustible 
quantities  of  Isoetes  in  the  coastal  plain  of  Georgia,  where  none 
had  been  known  to  exist  before,  and  the  exploration  of  the  sand- 
hills of  southeast  Georgia,  the  Cretaceous  region,  the  Slough, 
Forest  Falls,  the  ponds  of  Decatur  County,  and  the  Pine 
Mountains. 

Dr.  Mohr*s  "  Plant  Life  of  Alabama,*'  which  appeared  during 
the  summer,  was  a  great  help  to  me  in  several  ways,  giving  me 
an  opportunit)'  to  compare  the  floral  conditions  in  Georgia  with 
those  of  the  corresponding  portions  of  Alabama ;  and  it  was  a 
source  of  considerable  satisfaction  to  note  how  nearly  his  treat- 
ment coincided  with  that  which  I  had  already  planned  for 
Georgia. 

Some  of  the  undescribed  or  otherwise  noteworthy  plants  col- 
lected on  this  trip  will  be  discussed  in  the  concluding  portion  of 
this  paper. 

College  Point,  N.  Y. 

*Sce  Plant  World,  5 :  87-90.//.  12.  My  I902  ;  also  Sargent,  Silva  N.  Am.  14  : 
31.     1902. 
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Botanical  Explorations  in  Georgia  during  the  Summer  of  1901.— 
II.  Noteworthy  Species 

By  Roland  M.  Harper 

Unless  otherwise  noted,  the  plants  mentioned  below  were  col- 
lected on  my  expedition  of  1901,  the  itinerary  of  which  was  de- 
scribed in  the  last  number  of  the  Bulletin. 

Adiantum  Capillus-Veneris  L. 
Although  this  interesting  fern  has  not  yet  been  reported  from 
Georgia  by  any  other  botanist,  it  is  quite  widely  distributed  in  the 
lime-sink  region.  Last  summer  *  I  found  it  quite  adundant  in 
Dooly  County  (no.  1064)  not  far  from  where  I  first  discovered  it 
several  years  ago,  also  in  the  central  part  of  Lee  County  (no. 
1 161),  and  in  all  the  lime-sinks  visited  in  Decatur  County,  espe- 
cially at  Forest  Falls  (no.  1 193).  The  illustration  of  this  waterfall 
in  the  geological  bulletin  already  mentioned  led  me  to  suspect  very 
strongly  the  occurrence  of  the  Adiantum  there,  and  evidence  in  sup- 
port of  this  suspicion  accumulated  as  I  drew  near  the  place.  In 
Camilla  I  was  told  that  "  a  maidenhair  fern,  different  from  the  one  in 
the  mountains,"  grew  at  Forest  Falls,  and  in  Thomasville  the  next 
day  I  saw  specimens  of  it  in  cultivation  which  were  said  to  have 
been  obtained  there.  On  the  inaccessible  perpendicular  side  of  the 
sink,  within  reach  of  the  spray  of  the  waterfall,  it  grows  most 
luxuriantly. 

*  As  this  paper  was  nx>sUy  prepared  in  the  spring  of  1902,  such  phrases  as  this  of 
co«n«  refer  to  1901. 

[The  preceding  number  of  the  Bulletin,  Vol.  30,  No.  5,  for  May,  1903  (30 : 
27i-3'8,//.  /J,  /^),  was  issued  16  My  1903.] 
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Adiantum  hispidulum  Sw.  Syn.  Fil.   124.     1806 

Collected  in  an  apparently  unused  well  in  the  outskirts 
Thomasville,  where  it  was  accompanied  by  Woodwardia  areola^ 
on  the  morning  of  August  9  (no.  117 1).  As  far  as  I  know,  tl 
Old  World  species  has  never  been  reported  as  growing  spc 
taneously  in  the  United  States.  It  was  fairly  abundant  and  frv 
ing  copiously,  and  seemed  as  much  at  home  as  the  Woodwara 
which  is  a  common  inhabitant  of  wells  in  South  Georgia.* 

ISOETES    FLACCIDA   Shuttl. 

This  species  (or  some  forms  of  it)  is  represented  in  my  ic 
collection  by  five  numbers,  all  from  the  coastal  plain,  though 
species  of  Isoetes  had  previously  been  reported  from  the  coa 
plain  of  the  southeastern  United  States  outside  of  Florida. 

Numbers  843  and  951,  partly  emersed,  were  collected 
June  in  a  sluggish  pine-barren  stream  in  Bulloch  County,  and 
1 1 1 2  was  found  in  a  similar  situation  in  Sumter  County,  July 
It  is  not  absolutely  certain  that  these  three  numbers  represent 
typical  /.  flaccida,  which  grows  in  **  lakes  and  clear  streams,  mi 
and  west  Florida,"  and  is  said  f  to  mature  in  April  and  May 
disappear  in  June. 

Number  loio  is  a  plant  of  rather  different  habit  and  ha^ 
It  was  found  in  wet  pine-barrens  around  a  mayhaw  {CraU 
aestivalis)  pond  in  Sumter  County,  and  was  a  smaller  and  \ 
plant  than  the  others.  ^  It  grows  in  the  greatest  abundance,  \ 
concealed  by  the  tall  grass  that  one  might  walk  over  it  day 
day  without  suspecting  its  presence.  I  only  discovered  it 
dentally  by  pulling  up  a  specimen  with  another  plant,  b 
getting  down  on  my  knees  I  found  it  in  apparently  inexhai 
quantities.  At  that  time,  July  5,  there  was  more  water  in 
pine-barrens  than  I  ever  saw  before  or  after,  and  yet  none 
Isoetes  was  completely  submersed,  so  it  is  almost  a  strict 
restrial  plant.  The  principal  species  accompanying  it  Avere 
taria  sp.,  Eleocharis  iricostaia^  Rhynchospora  Tracyi^  Rhexi 
tosa,  Sabbatia  campanulata,  Breweria  aquatica,  Gerardict  It 

*On  a  subsequent  visit  (Sept.  1 8,  1902)  the  Adiantum  was  found  to  be 
ishing. 

t  Engelm.  Trans.  Acad.  Sci.  St.  Louis,  4:  386.     1882. 
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HeUnium  sp.,  and  Rudbeckia  Mohrii,  I  did  not  revisit  the  locality 
until  August  22,  at  which  time  the  Isoetes  seemed  to  have  com- 
pletely disappeared,  but  a  careful  search  revealed  its  dead  and 
withered  leaves  lying  flat  on  the  moist  ground,  and  the  ripe  spo- 
rangia buried  just  below  the  surface. 

Number  1046,  collected  on  July  11  around  a  cypress  {Tax- 
odium  imbricariuni)  pond  near  Cobb  in  the  same  county,  had 
much  the  same  appearance,  though  differing  slightly  in  habitat. 
These  two  numbers  last  mentioned  are  referred  by  Mr.  A.  A. 
Eaton,  who  has  examined  some  of  my  specimens,  to  /.  flaccida 
rigida  Engelm.  (Trans.  Acad.  Sci.  St.  Louis,  4:  386.  1882), 
which  he  considers  merely  a  later  emersed  state  of  /.  flaccida. 
There  are  some  discrepancies  between  my  specimens  and  the 
original  description  of  this  variety,  as  regards  season  and  habitat, 
but  these  may  perhaps  be  due  only  to  the  difference  in  latitude, 
the  original  specimens  having  come  from  south  Florida. 

The  above  observations  on  Isoetes  are  mentioned  chiefly  to 
show  the  great  necessity  for  further  field  work  on  the  southern 
spedes,  and  to  indicate  that  the  genus  may  be  found  much  more 
abundant  in  the  Southern  States  than  at  present  supposed. 

Sagittaria  isoETiFORMis  J.  G.  Smith,  Rep.  Mo.  Bot.  Gard.  6 : 
115.  pLsj,     1895 

This  interesting  little  plant  was  collected  on  the  muddy  margin 
of  a  small  pine-barren  pond  in  Decatur  County,  between  Forest 
Falls  and  Bainbridge,  August  12  (no.  1198),  where  it  was  accom- 
panied by  Eleocftaris  tricostata^  and  it  was  seen  a  few  hours  later 
in  and  around  Open  Pond,  in  the  same  county.  It  seems  to  have 
been  known  hitherto  only  from  peninsular  Florida. 

The  specific  name  is  a  most  appropriate  one,  doubtless  more 
so  than  its  author  realized.  The  submersed  sterile  form  grows  in 
great  abundance  in  the  shallow  clear  water  of  Open  Pond  near  the 
shore,  just  as  S,  graminea  does  in  New  England,  and  it  is  here  im- 
possible to  distinguish  it  from  Isoetes  without  close  examination. 

Cyperus  retrofractus  (L.)  Torn 
While  walking  along  the  summit  of  the  Pine  Mountain  range 
in  Meriwether  County,  on  the  29th  of  August,  I  noticed  for  the 
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first  time  that  this  species  has  an  adaptation  for  dissemination  I 
animal  agencies.  After  passing  through  a  patch  of  it  I  fou; 
many  of  the  spikelets  adhering  to  my  clothes  by  their  sha 
points.  I  do  not  know  whether  any  other  species  of  the  gen 
behaves  in  the  same  way,  but  not  many  of  them  have  the  refle3< 
spikelets  which  are  an  essential  feature  of  this  mode  of  disse 
ination. 

Cyperus  Iria  L. 

This  introduced  species  was  found  rather  common  in  cultiva 
fields  in  the  Chattahoochee  River  bottoms  in  Elarly  Cour 
August  14  (no.  1224).  Not  previously  reported  from  Geor 
Florida  or  Alabama,  though  there  can  be  little  doubt  that  it  gn 
also  on  the  other  side  of  the  river  in  the  other  two  states. 

Scirpus  fontinalis  sp.  nov.    « 

Culms  tufted,  12-18  dm.  long,  triangular  at  least  below, 
summits  very  slender  and  nodding.  Basal  leaves  few,  3-4 
long  by  3-5  mm.  wide ;  stem-leaves  few  or  several,  ascendinj 
almost  appressed,  slender  and  acute  :  umbels  compound,  unec 
rayed,  axillary  and  terminal,  the  1-4  lateral  ones  on  slender  flatt 
drooping  peduncles  I-3  dm.  long :  spikelets  (often  partly  ti 
formed  into  tufts  of  leaves)  all  on  slender  pedicels,  2-3  mm.  t 
oblong  when  young,  their  axes  elongating  as  the  lower  scales 
off  and  becoming  finally  about  i  cm.  long :  scales  oblong,  s 
concave,  1.5  mm.  long,  with  scarious  whitish  margins  and  3 
keels  :  bristles  6,  smooth,  tortuous,  about  as  long  as  the  ac 
achene  light  brown,  oblong,  triquetrous,  i  mm.  long,  acute  at 
ends,  covered  with  minute  depressed  conical  papillae,  and  1 
with  the  short  slender  base  of  the  style. 

This  species  is  somewhat  intermediate  between  5.  divaricat 
and  S.  lineatus  Michx.,  but  is  abundantly  distinct  from  eithi 
resembles  the  latter  (which  has  not  yet  been  reported  from  Gi 
in  having  axillary  umbels,  but  differs  in  most  of  its  essentia 
acters,  such  as  its  smaller  spikelets  and  pointiess  green  seal 
others  more  difficult  to  describe.  From  5.  divaricatus  it  is 
distinguished  by  its  slender  nodding  culms,  ascending^  leav< 
internodes  and  long-peduncled  axillary  umbels,  as  well  a 
thicker  spikelets  and  papillose  mucronate  achenes,  and 
habitat.  5.  divaricatus  is  a  stouter  usually  erect  plant,  v 
merous  widely  spreading  or  deflexed  leaves  and  a  singb 
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terminal  umbel,  generally  inhabiting  muddy  swamps  of  creeks  and 
rivers.  It  too  is  often  proliferous  late  in  the  season,  but  the  tufts 
of  leaves  spring  from  the  nodes  oftener  than  from  the  inflorescence. 
(This  character  is  well  shown  in  my  no.  1142,  collected  in  the 
swamp  of  Muckalee  Creek  above  Americus,  July  30.)  In  all  the 
specimens  of  5.  dtvaricatus  examined  I  have  observed  no  deviation 
from  a  strictly  terminal  umbel,  while  in  the  species  under  con- 
sideration every  specimen  I  saw  had  at  least  one  lateral  one. 

The  specimens  o{  Scirpus  fontinalis  were  collected  in  the  shal- 
low margin  of  a  shaded  pool  of  clear  cool  water  issuing  from  a 
spring  within  the  corporate  limits  of  Leslie,  Sumter  County,  on  the 
afternoon  of  July  6  (no.  1012).  It  was  accompanied  by  Cyperus 
strigosus,  Scirpm  Eriophorum^  Rhynchospora  mUiacea,  Juncus  se- 
taccus,  Polygonum  setaceum^  Samolus  fioribundus^  and  other  semi- 
aquatic  plants.  The  temperature  of  the  water  was  taken  the  same 
afternoon  and  the  next  morning,  in  different  parts  of  the  pool  and 
at  various  depths,  and  was  found  to  be  in  every  case  68°  Fahren- 
heit. It  probably  does  not  vary  much  from  this  point  throughout 
the  year.  A  fragment  of  fossiliferous  rock  from  the  hillside  just 
above  the  spring  was  sent  to  the  U.  S.  Geological  Survey  and 
identified  as  being  probably  of  the  Zeuglodon  horizon  (uppermost 
Eocene).  The  chemical  composition  of  this  rock  has  not  been  de- 
termined, but  the  water  issuing  from  it  is  reputed  to  be  limestone 
water. 

Eleocharis  Robbinsii  Oakes 

On  July  1 3  I  found  in  the  northern  part  of  Lee  County  a  pine- 
harren  pond  perhaps  ten  acres  in  extent  and  two  feet  deep  in  the 
'njd<lle,  almost  filled  with  this  species  (no.  1068),  growing  so 
luxuriantly  as  to  conceal  the  water.  This  seems  to  be  the  only 
station  reported  for  it  between  Delaware  and  Florida.  The  only 
other  plants  seen  in  the  deeper  parts  of  the  pond  were  Homalo- 
cenckrus  hexandrus  and  a  few  small  Cephcdanthus  bushes.  Around 
the  margins  of  the  pond  were  observed  among  other  things  Sporo- 
bolus  compresstis^  Rliynchospora  fusca,  R,  Tracyi^  Scleria  gracilis^ 
Polygala  ramosa^  Stillingia  aquatica,  Rhexia  aristosa  and  Boltonia 
diffusa,  some  of  which  have  an  equally  remarkable  distribution. 
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Rhynchospora  fusca  (L.)  Ait.  f. 
Collected  on  the  sandy  margin  of  a  pine-barren  pond  in  the 
northern  part  of  Lee  County  (as  just  mentioned)  July  13  (no. 
1067).  This  species  has  apparently  been  reported  but  once 
before  from  the  Southern  States.  Mr.  M.  L.  Femald  *  mentions 
its  having  been  collected  by  A.  H.  Curtiss,  at  Milton,  Santa  Rosa 
County,  Florida  (no.  5929,  July  8,  1897).  The  specimen  under 
this  number  in  the  U.  S.  National  Herbarium  looks  very  much 
like  mine,  but  the  one  at  the  New  York  Botanical  Garden  has  a 
somewhat  different  appearance  and  may  not  represent  the  same 
species.  I  have  more  recently  discovered  that  Mr.  Nash's  no. 
1 32 1,  from  the  sandy  shore  of  Lake  Juana,  Lake  Co.,  Florida, 
July,  1894,  distributed  as  R,  gracilenta,  is  also  R,  fusca,  at  least 
the  representation  of  it  in  the  U.  S.  National  and  Columbia  Uni- 
versity herbaria ;  and  Mr.  Fernald  informs  me  that  the  material 
in  the  Gray  Herbarium  is  the  same.  These  southern  specimens 
differ  from  northern  and  European  ones  in  being  a  little  more 
slender,  but  otherwise  seem  to  be  identical. 

Rhynchospora  dodecandra  Baldw. 
Collected  on  the  rosemary  sand-hills  of  Emanuel  County, 
where  it  is  one  of  the  most  characteristic  species,  June  28  (no. 
977) ;  also  in  very  dry  white  sand  about  two  miles  from  Open 
Pond,  Decatur  County,  August  13  (no.  12 16),  where  it  was  as- 
sociated with  Paronychia  riparia,  Dicerandra  linearifolia,  Serenoa 
and  Sdpulicida,  It  does  not  seem  to  have  been  reported  from 
Georgia  before,  or  so  far  inland,  these  two  stations  being  about 
sixty  miles  from  the  coast. 

Mayaca  fluviatius  Aubl. 
Mr.  Fernald  has  recently  reported  f  the  collection  of  this 
South  American  species  by  Mr.  Curtiss  last  year  in  Florida.  It 
is  represented  in  my  1901  collection  by  no.  11 79,  from  a  cypress 
pond  in  Thomas  County,  August  9.  There  are  some  differences 
between  this  species  and  M.  Aubleti  which  Mr.  Fernald  failed  to 
mention.     The  leaves  of  M,  fluviatilis  are  much  longer  and  more 

*Bot.  Gaz.  24:  433.     D  1897 
f  Bot  Gaz.  33:  154.     21  F  1902. 
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acute,  exceeding  the  peduncles,  and  the  capsule  is  oblong  instead 
of  globose.  My  specimens  were  completely  submersed,  while 
M.  Aubleti  usually  grows  in  sandy  bogs  rather  than  in  ponds.  I 
have  not  been  able  to  detect  any  essential  difference  in  the  finely 
sculptured  seeds,  however. 

On  August  12  I  saw  what  was  probably  the  same  plant  in 
Decatur  County,  but  did  not  collect  it.  There  are  quite  a  number 
of  specimens  referable  to  this  species  in  the  U.  S.  National  Her- 
barium and  that  of  Columbia  University,  mostly  from  Florida. 

X^-Ris  Smalliana  Nash,  Bull.  Torrey  Club,  22:  159.  1895 
Collected  on  the  morning  of  July  19  (no.  1096)  in  a  shallow 
pond  in  the  woods  south  of  Omaha,  Stewart  County,  where  it  was 
abundant,  and  accompanied  by  Panicum  digitarioidcs^  Scirpus 
cylindricus  (no.  1095),  Pontederia  cordata,  Castalia  odorata  (no. 
1097),  Brasenia  purpurea,  Limnanthemum  aquaticum,  Monniera 
Caroliniana^  Utricularia  purpurea  and  other  interesting  plants. 
Previously  reported  only  from  the  type-locality  in  Florida. 

Xjrris  scabrifolia  sp.  nov. 

Plants  solitary,  grayish  green.     Roots  fibrous  :  stem  with  a 
slightly  bulbous  base  6-8  mm.  in  diameter,  enveloped  in  the  pale 
striate  membranous  sheaths  of  the  leaves :  leaves  1-3,  usually  2, 
erect,  acute,  slightly  twisted,  3-4  dm.  long,  about  3  mm.  wide  at 
the  middle,  tapering  below  (about   1.5  mm.  wide  just  above  the 
sheath),  the  whole  surface  of    the  blade  minutely  transversely 
nigose;  uppermost  sheath  12-15  c"^*  long,  very  obliquely  trun- 
cate, acute  :  scape  5-7  dm.  tall,  1-2  mm.  in  diameter,  terete  except 
for  a  minute  longitudinal  ridge  on  one  side,  pale  and  rugose  like 
the  leaves :  head  oblong,  about  1 2  mm.  long  and  8  mm.  thick  at 
maturity :  scales  oblong,  entire,  the  largest  7-8  mm.  long  :  lateral 
sepals  lanceolate,  about  3  mm.  long,  the  narrow  wing  of  the  keel 
lacerate  above  the  middle  :  corolla  yellow. 

This  species  seems  nearest  to  X,  Caroliniana  Walt.,  but  differs 
from  that  and  all  other  species  known  to  me  in  the  rugose,  almost 
scabrous,  surface  of  its  leaves  and  scapes.  This  peculiar  rugosity 
makes  it  as  rough  to  the  touch  as  some  species  of  Equisctum,  such 
as  E.  laevigatum.  It  differs  further  from  X,  Caroliniana  in  its 
terete  scape  and  pale  sheaths.  It  is  a  very  slender  plant,  resem- 
bling in  this  respect  X.  flexuosa  Muhl.  (especially  southern  speci- 
mens of  that  species). 
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My  specimens  were  collected  on  August  28  in  an  open  bog 
near  Woodbury,  Meriwether  County,  at  about  775  feet  altitude 
(no.  1254).  They  were  accompanied  by  an  interesting  association 
of  plants,  most  of  them  coastal  plain  types,  such  as  Lycopodium 
pinnatum  (no.  1255),  Eleocharis  tuberculosa^  Rhyftchospora  axil- 
laris, /uncus  trigOMOcarpus  (no.  1 2$ 3),  Po/yga/a  cruciata  (no,  1257), 
Eryngium  virgcUum  (no.  1252)  and  Gratiola  pUosa,  This  locality 
is  about  25  miles  from  the  nearest  part  of  the  coastal  plain. 

Before  this  time  apparently  only  two  or  three  of  our  North 
American  species  of  Xyris,  namely,  X,  flexuosa,  X.  montana  and 
perhaps  X,  Caroliniana,  had  been  known  outside  of  the  Atlantic 
coastal  plain,  and  it  is  noteworthy  that  in  these  three  species  X, 
scabrifolia  finds  its  nearest  relatives. 

Dr.  Engclmann,  in  Plantae  Lindheimcrianae,*  described  a 
variety  scabra  of  X,  Caroliniana^  but  his  plant  is  now  treated  as 
identical  with  X,  flexuosa,  and  his  description  shows  that  it  is 
quite  different  from  my  plant. 

In  Dr.  Mohr's  herbarium  (now  deposited  in  the  U.  S.  National 
Museum)  there  is  a  specimen  which  is  doubtless  my  X.  scabrifolia, 
mounted  on  the  same  sheet  with  two  specimens  of  X,  flextwsa 
collected  near  Mobile,  July  14,  1883. 

JUNCUS   MEGACEPHALUS    M.  A,  CuTtis 

Collected  in  low  grounds  just  back  of  the  sand-dunes  on 
Tybee  Island,  June  21  (no.  925),  where  it  was  accompanied  by 
J,  aristidatus  (no.  926)  and  several  other  plants  mostly  maritime ; 
also  in  a  moist  shaded  sandy  place  among  the  lime-sinks  east  of 
Muckalee  Creek  in  Lee  County,  August  2  (no/  1159),  with 
Cyperus  cylindrostachys,  Dichrontena  colorata  (no.  1157)  and  one 
or  two  other  species  which  I  had  previously  seen  only  along  the 
coast. 

The  differences  between  this  long-neglected  species  and  its 
relatives  were  well  pointed  out  by  Mr.  Coville  f  several  years  ago, 
and  my  specimens  agree  perfectly  with  his  description  ;  they  have 
also  been  examined  by  him  and  compared  with  authentic  speci- 
mens.    I  do  not  find  that  this  species  has  been  reported  from 

*  Boston  Jour.  Nat.  Hist.  5  :  235.     1845. 
fBuIl.  Torrey  Club,  aa  :  302-305.     1895. 
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Georgia  before.     It  seems  always  to  indicate  the  absence  of  the 
Lafayette  formation. 

JuNCUS  DiFFUsissiMus  Buckley 
On  July  3  I  found  a  most  luxuriant  growth  of  this  species 
(no.  995),  in  a  marshy  place  near  Stillmore,  Emanuel  County,  thus 
extending  its  known  range  about  150  miles  farther  eastward  than 
the  station  reported  by  me  *  last  year.  Associated  with  it  were 
Pamcum  scabriusctdum,  Sagittaria  AfohrU  (no.  994),  Eleocharis 
tuberculosa^  Juncus  EUiottii,  J.  polycephalus,  /.  trigonocarpus ,  Sar- 
racema  rubra^  Rhus  Vernix  and  other  species  of  more  or  less  inter- 
est, the  Sagittaria  being  also  considerably  farther  east  than  it  had 
been  reported  before. 

Iris  verna  L. 

This  species,  usually  in  the  southeastern  states  an  inhabitant 
of  dry  pine-barrens,  was  collected  on  August  29  on  the  northern 
slopes  of  the  Pine  Mountains  in  Meriwether  County,  at  about  800 
feet  altitude  (no.  1266),  and  seen  five  days  later  and  200  feet 
higher  in  dry  woods  in  Campbell  County,  but  without  traces  of 
flower  or  fruit  at  either  locality. 

As  noted  by  Dn  Small  f  a  few  years  ago,  the  leaves  of  this 
species  become  considerably  elongated  in  summer,  but  he  failed 
to  mention  the  interesting  fact  that  although  equitant,  they  are 
deddedly  dorsiventral,  being  bright  green  on  one  side  and  glau- 
cous on  the  other.  They  spread  out  like  a  fan  and  bend  away 
from  the  rootstock  (which  is  perpendicular  to  the  plane  of  the 
leaves),  in  this  way  bringing  the  green  side  uppermost. 

Gymnadeniopsis  nivea  (Nutt.)  Rydb. 

Habenaria  nivea  (Nutt.)  Spreng. 

Collected  in  the  pine-barrens  of  Bulloch  County,  June  1 5  and 
26  (nos.  892,  954).  One  of  the  specimens  of  the  latter  number 
was  the  largest  I  ever  saw,  being  nearly  6  dm.  tall,  with  about 
sixty  flowers  in  the  spike.  The  object  of  mentioning  this  species 
here,  however,  is  to  note  that  the  flowers  are  plainly  5 -ranked  in 
the  spike,  as  may  be  readily  ascertained  by  looking  at  a  living 

*Bull.  Torrey  Qub,  aS  :  469.     1901. 
tBuU.  Torrey  Club,  34  :  175.     1897. 
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plant  endwise.  I  have  never  seen  this  character  mentioned  before, 
and  do  not  know  how  many  species  share  it,  but  it  is  certainly  not 
the  case  with  all  orchids,  or  even  with  all  spicate  ones,  as  for  in- 
stance in  Gyrostachys,  different  species  of  which  have  the  flowers 
in  one,  three  or  four  ranks. 

Paronychia  herniarioides  (Michx.)  Nutt;  Spreng.  Syst.  i :   822. 

1825* 

Collected  on  the  ordinary  sand-hills  along  Big  Lott's  Creek  in 
Bulloch  County,  June  17  (no.  912),  and  on  the  rosemary  sand- 
hills of  Emanuel  County,  June  28  (no.  978);  also  seen  on  July  3 
in  similar  situations  in  Tattnall  and  Montgomery  Counties,  espe- 
cially along  the  left  bank  of  the  Little  Ocmulgee  River  at  the 
western  border  of  the  latter. 

This  species  has  usually  been  described  as  prostrate,  but  incor- 
rectly. Young  specimens,  like  no.  912,  have  much  the  habit  of 
Anychia  dichototna,  while  fully  developed  specimens,  such  as  no. 
978,  have  the  numerous  branches  very  widely  speading,  making 
the  plant  considerably  broader  than  high,  but  they  seem  to  be 
strictly  self-supporting,  and  never  show  the  slightest  indication  of 
being  prostrate.  Such  a  specimen  when  pressed  has  very  much 
the  appearance  of  Euphorbia  cordifolia  Ell.,  a  strictly  prostrate 
plant,  and  this  is  doubtless  the  cause  of  the  error. 

Cabomba  Caroliniana  pulcherrima  var.  nov. 

Stem  a  meter  or  more  in  length,  reddish -purple.  Submersed 
leaves  similar  to  those  of  C,  Caroliniana,  but  dark -colored  and  with 
narrower  segments.  Peduncles  tortuous.  Petals  bright  purple. 
Floating  leaves,  calyx  and  fruit  nearly  as  in  the  species. 

Although  further  study  may  show  this  to  be  a  distinct  species, 
the  differences  at  present  known  seem  only  to  entitle  it  to  varietal 
rank.  The  purple  stem  and  petals  are  the  most  striking  features. 
The  latter  are  of  exactly  the  same  color  as  the  corolla  of  Utricu- 
laria  purpurea,  for  which  species  our  plant  might  easily  be  mis- 
taken a  short  distance  away.  I  find  no  mention  of  a  purple- 
flowered  Cabomba  in  botanical  literature. 

Collected  in  three  or  four  feet  of  water  in  Cane  Water  Pond, 

*  ITie  place  of  publication  of  Paronychia  hemiaHoides  is  usually  given  as  NuttalVs 
Genera,  but  in  that  work  only  the  name  appears,  without  synonymy  or  description. 
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Decatur  County,  on  the  morning  of  August  1 3  (no.  1 209).     The 
plant  was  pretty  well  distributed  over  the  pond,  though  not  in 
great  abundance.     The   specimens  which   resemble   mine   most 
closely,  of  all  the  herbarium  material  I  have  examined,  were  col- 
lected by  Rugel  in  1843  in  Lake  Jamony  (lamonia)  and  near  Tal- 
lahassee, Florida,  but  their  age  makes  it  impossible  to  tell  what 
the  color  of  their  petals  might  have  been.     More  recent  specimens, 
collected  near  Tallahassee  by  N.  K.  Berg,  and  preserved  in  the 
herbarium  of  the  New  York  Botanical  Garden,  show  the  purple 
petals  quite  distinctly,  besides  resembling  mine  in  general  appear- 
ance as  much  as  do  those  of  Rugel.     Both  of  these  localities  are 
within  forty  miles  of  mine. 

Castalia  odorata  latifolia  var.  nov. 

Leaves  floating  in  deep  water,  orbicular  with  narrow  sinus  and 
acute  lobes,  4-6  dm.  broad,  the  veins  thick  and  prominent  beneath 
and  copiously  anatomosing  near  the  slightly  upturned  margins ; 
flowers  large,  the  longest  petals  about  i  dm.  long.  Otherwise 
very  similar  to  C.  odorata,  {Castalia  reniformis  Nash :  not 
Nymphaea  reniformis  Walt.) 

The  identity  of  Walter's  Nymphaea  reniformis  *  has  long  been 
a  puzzle.      His  description,  *'  foliis  reniformibus,  corollis  poly- 
petalis,  loculis  monospermis,"  does  not  fit  any  known  plant,  and 
Mr.  E  G.  Baker,  of  the  British  Museum,  has  informed  me  that 
there  is  no  specimen  of  it  in  Walter's  herbarium.     Willdenow, 
Pursh  and  Elliott  took  up  the  species  on  Walter's  authority,  ap- 
parently without  being  themselves  acquainted  with  it,  Willdenow 
placing  it  in  Nelumbium,  probably  on  account  of  the  phrase  *'  locu- 
lis monospermis,"  which  may  have  been  an  error.     Delessert's 
figure,  probably  the  only  one  which  pretends   to  represent  the 
species,  shows  a  flower  much  like  that  of  Castalia  odorata,  and  a  leaf 
with  the  basal  lobes  rounded  as  in  Nymphaea  {Nuphar\  but  with 
the  venation  of  Castalia,     If  this  figure  is  trustworthy  (and  it  has 

*  Nymphaea  reniformis  Walt.  Fl.  Car.  155.  1788 ;  DC.  Syst.  a  :  55.  1821; 
Bclcsscrt,  Ic.  Select,  a  :  3.  pL  j.       1823  ;  DC.  Prodr.  i :   115.     1824. 

Ndumhium  reniforme  Willd.  Sp.  PI.  a  :  1260.     1799. 

Cyamus  reniformis  Pursh,  Fl.  Am.  Sept.  398.  1814;  Ell.  Bot.  S.  C.  &  Ga.  a: 
68.    1821. 

Nymphaea  odorata  /?  Torr.  &  Gray,  Fl.  N.  Am.  i  :  57.     1838. 

A*  odorata  reniformis  Lehm.  Nymphaea,  13.     1853  (?) 
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the  appearance  of  having  been  carefully  drawn),  it  does  not  repre- 
sent any  species  at  present  known,  but  it  would  be  rash  to  deny 
that  such  a  plant  exists,  until  the  Southern  States  have  been 
better  explored  than  they  are  at  present  Delessert  says  of  his 
plant  "  Crescit  in  Carolina  (Fraser),*'  and  it  should  be  borne  in 
mind  that  Fraser  was  acquainted  with  Walter,  and  is  said  to  have 
attended  to  the  publication  of  his  "  Flora  Caroliniana"  in  London, 
so  that  he  was  in  an  excellent  position  to  know  Walter's  species. 
DeCandoUe  says  oi Nymphaea  reniformis,  "(v.  s.),"  doubtless  re- 
ferring to  one  of  Fraser' s  specimens,  probably  the  same  one  from 
which  Delessert's  figure  was  drawn.  So  unless  there  is  evidence 
to  the  contrary  this  figure  must  be  accepted  as  representing  Wal- 
ter's Nymphaea  reniformis^  a  species  which  should  perhaps  take 
rank  with  Gordoma  pubescens  and  Pyrola  oxypetala  as  being  lost 
to  science. 

In  later  years  N.  reniformis  has  been  associated  in  synonymy 
with  N.  tuberosa  Paine,*  a  northern  species,  but  probably  on  insuf- 
ficient grounds.  About  ten  years  ago  Professors  Trelease  and 
Hitchcock  independently  transferred  DeCandoUe's  Nymphaea  reni- 
formis to  Castalia,  apparently  overlooking  the  fact  that  Walter 
was  the  author  of  the  species.  Professor  Hitchcock's  plant  (from 
Iowa)  is  (7.  tuberosa^  and  the  identity  of  that  of  Professor  Trelease 
is  immaterial,  as  he  gave  neither  description  nor  synonymy.  A 
few  years  later  Mr.  Nash  f  published  the  same  combination,  credit- 
ing the  specific  name  correctly  to  Walter,  but  associating  it  with 
specimens  collected  by  him  in  Lake  Ella,  Lake  County,  Florida, 
in  1894  (nos.  1153,  1180). 

It  is  Mr.  Nash'-s  plant  in  which  I  am  particularly  interested,  for 
I  collected  specimens  which  seem  exactly  to  match  his  in  Cane 
Water  Pond,  Decatur  County,  on  the  morning  of  August  1 3  last 
year  (no.  12 12).     To  avoid  any  possible  confusion  in  the  future, 

*  Nymphaea  tubtrosa  Paine,  Cat.  PI.  Oneida  Co.  N.  Y.  132.     1865. 

Cast  alia  tuberosa  Greene,  Bull.  Torrey  Club,  15  :  84.     1888 ;  Britton  &  Brown, 

111.  Fl.  a :  44.  /  /J-J^.     1897- 

Nymphaea  reniformis  "DC*  A.  Gray,  Manual,  ed.  6.  56.  1890;  Syn.  Fl.  N. 
Am.  I  :  76.     1895. 

Castalia  reniformis  "(DC.)*'  Trel.;  Branner  &  Coville,  Rep.  Geol.  Sur^  Ark. 
1888*:  164.  1891  (name  only)  ;  A.  S.  Hitchcock,  Trans.  Acad.  Sci.  St.  Louis,  5; 
484.     1892. 

t  Bull.  Torrey  Club,  aa  :  147.     1895. 
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I  will  designate  my  own  specimens  as  the  type  of  the  foregoing 
description.  Similar  specimens  are  in  the  Columbia  University 
Herbarium,  collected  in  Louisiana  by  Dr.  Hale,  and  in  Thomas 
County,  Geoi^ia,  by  Dn  Small  in  1895.  But  this  southern  plant 
seems  to  differ  from  Castalia  odorata  only  in  its  larger  size  and 
more  prominent  veins  on  the  lower  surface  of  the  leaves,  and  is 
probably  entitled  only  to  varietal  rank  at  the  most.  It  cannot  be 
the  Nymphaea  renifornUs  of  Walter,*  so  I  have  given  it  a  new 
name  as  above. 

The  leaves  of  my  specimens  were  fully  as  large  as  those 
described  by  Mr.  Nash,  and  their  edges  were  often  slightly  up- 
turned, as  also  noted  by  him,  allowing  the  wind  to  get  under  them 
and  turn  them  partly  over.  This  plant  is  very  abundant  in  Cane 
Water  Pond,  and  its  leaves  and  flowers  are  the  most  conspicuous 
objects  on  the  surface  of  the  water  there. 

NvMPHAEA  ORBicuLATA  Small,  BuU.  Torrcy  Club,  33  :  128.  1896 
On  August  9  I  visited  the  type-locality  of  this  species  in 
Thomas  County  for  the  purpose  of  securing  some  authentic  fresh 
specimens  for  Dr.  Gerrit  S.  Miller,  Jr.,  who  is  doing  some  work 
on  the  genus,  and  I  had  little  difficulty  in  finding  it  (no.  1178). 
Four  days  later  it  was  seen  in  Cane  Water  Pond,  in  the  next 
county. 

I  can  now  correct  an  unfortunate  error  in  the  original  descrip- 
tion. Dr.  Small  says  of  the  leaves,  "  the  upper  leaves  rough  with 
irregular  papillae,"  but  in  reality  the  upper  surface  is  perfectly 
smooth  in  life,  but  becomes  rough  in  drying,  as  in  some  other 
species  of  the  genus.  Dr.  Small  calls  the  locality  "  a  small  lake,'* 
but  it  is  nothing  but  a  cypress  pond,  the  level  of  which  has  been 
artificially  raised  a  few  feet  for  fishing  purposes  by  a  dam,  and  it 
could  hardly  be  dignified  by  the  name  of  lake. 

Sarracenia  minor  Walt. 
5.  lacunosa  Bartr.  Travels,  417.     1 79 1 . 
5.  variolaris  Michx.  Fl.  Bor.  Am.  i :  310.      1803. 
In  a  previous  paper  f   I  referred  to  the  probable  identity  of 


*Scc  in  this  connection  Robinson,  Syn.  Fl.  N.  Am.  i  :  76.     1895. 
t  BuU,  Torrey  Qub,  vj  :. 428.     1900. 
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Sarracenia  minor  Walt,  with  Sarracenia  variolaris  Michx. 
Walter's  description,  though  of  course  very  brief,  is  amply  suffi- 
cient to  distinguish  this  species  from  any  other  now  known,  but 
to  settle  the  question  finally  I  wrote  in  May,  1901,  to  Mr.  E.  G. 
Baker,  of  the  British  Museum,  asking  if  the  species  was  repre- 
sented in  Walter's  herbarium,  and  if  so[^what  it  was  like.  He  very 
kindly  complied  with  my  request,  and  informed  me  that  such  a 
specimen  existed,  and  that  it  was  evidently  the  same  as  S,  vario- 
laris Michx.,  the  only  trouble  being  that  it  was  not  labeled  5. 
minor  but  S,  lutea,  a  name  which  was  never  published.  But  as 
the  other  species  mentioned  by  Walter  were  also  there,  and  cor- 
rectly named,  it  was  evident  that  the  S.  lutea  of  his  herbarium 
must  be  the  5.  minor  of  his  flora,  the  reason  for  the  change  of 
name  probably  being  that  there  is  another  species  with  yellow 
flowers  (5.  flava  L.),  which  is  a  much  larger  plant.  S.  minor  and 
5.  variolaris  were  rightly  considered  synonymous  by  Elliott  and 
several  other  authors  of  that  period,  but  for  some  reason  their 
identity  has  been  doubted  by  some  later  authors. 

I  have  no  additional  notes  on  this  species  at  the  present  writ- 
ing, except  that  it  seems  to  be  the  most  widely  distributed  species 
of  Sarracenia  in  the  coastal  plain  of  Georgia.  It  grows  in  com- 
pany with  S,  flava,  S.  rubra  and  5.  psittacina,  as  well  as  in  many 
places  where  none  of  the  other  species  are  present.  It  is  repre- 
sented by  my  numbers  678,  from  Coffee  County,  September  21, 
1900,  and  854,  from  Bulloch  County,  June  10,  1901.  I  have  also 
seen  it  in  Chatham,  Effingham,  Emanuel,  Tattnall,  Sumter,  Lee 
and  Thomas  Counties,  always  in  moist  pine-barrens.  It  is  not 
known  from  Alabama,  however,  and  I  have  not  seen  it  within  fifty 
miles  of  the  Chattahoochee  River  in  Georgia. 

Sarracenia  flava  x  minor 
On  June  10  I  collected  in  moist  pine-barrens  in  Bulloch 
County  a  single  specimen  of  a  curious  plant  which  must  be  re- 
garded as  a  hybrid  between  Sarracenia  flava  and  S,  minor.  It 
consisted  of  a  short  horizontal  rootstock,  like  that  of  most  species 
of  the  genus,  bearing  a  single  erect  leaf  which  seems  in  every 
way  exactly  intermediate  between  those  of  the  two  supposed 
parents.     It  was  yellowish  green,  with  the  hood  horizontal  (as- 
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cending  in  5.  flava,  deflexed  —  though  horizontal  when  pressed  — 
in  S.  minor),  pubescent  and  reticulated  with  reddish  veins  beneath. 
The  dimensions  of  the  pressed  leaf  are :  length  of  tube,  34  cm. ; 
diameter  at  throat,  5  cm. ;  length  of  hood,  6  cm.  ;  wing,  5  mm. 
wide  at  the  middle.     This  specimen  (no.  855)  is  now  in  the  U.  S. 

National  Herbarium. 

Where  I  collected  it  both  of  the  supposed  parents  (as  well  as  S, 

rubra^  which,  however,  could  have  had  nothing  to  do  with  it)  were 

growing  in  the  immediate  vicinity. 

It  is  a  curious  fact  that  although  there  are  numerous  hybrid 

Sarracenias  in  cultivation,*  with  almost  every  possible  combination 

of  parentage,  apparently  none  has  yet  been  artificially  produced 

between  these  two  yellow-flowered  species. 

Sarracenia  Catesbaei  Ell.  Bot.  S.  C.  &  Ga.  3 :  11.     1821 

S.flava  Catesbaei  Mohr,  Bull.  Torrey  Club,  24 :  23.      1897. 
There  seems  to  be  considerable  mystery  still  surrounding  this 
plant,  and  the  following  notes  may  serve  to  throw  some  light  on 
the  subject.     Elliott  described  the  species  from  specimens  collected 
by  Dr.  James  Macbride  in  Chesterfield  district  (now  county),  in  South 
CaroUna  (near  the  edge  of  the  coastal  plain),  but  states  that  these 
spedmens  are  exactly  similar  to  one  of  the  figures  on  Plate  69  of 
the  second  volume  of  Catesby's  **  Natural  History  of  Carolina." 
This,  however,  should  perhaps  not  be  taken  too  literally,  for  the 
figure  referred  to  is  a  poor  one  and  does  not  accurately  represent 
any  known  species  ;  but  it  most  resembles  the  plant  which  is  now 
usually  accepted  as  S.  Catesbaei.     Croom,  in  his  monograph  of  the 
genus,t  states  that  he  has  seen  Elliott's  specimen  and  was  unable 
to  distinguish  it  from  5.  flava.     Most  subsequent  authors  seem  to 
have  accepted  this  view  until  Dr.  Mohr  revived  Catesbaei  as  a  va- 
riety in  1897,  assigning  the  name  to  specimens  collected  on  Look- 
out Mountain,  in  DeKalb  County,  Alabama.     In  his  Plant  Life  of 
Alabama  it  is  restored  to  specific  rank.  % 

Last  summer,  on  July  8, 1  collected  in  a  boggy  place  southeast 
of  Americus  some  specimens  (no.  102 1),  which  seem  to  represent 

*Sec  Nicholson,  Diet.  Gard.,  and  Bailey,  Cycl.  Am.  Hort. 
t  Ann.  Lye.  N.  Y.  4  :  104.     1836. 
JContr.  U.  S.  Nat  Herb.  6:  531.     1901. 
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this  species,  intimately  associated  with  S.  rubra  and  5.  Drummon- 
dii.  It  was  immediately  recognized  as  a  plant  which  I  had  seen 
six  years  previously  in  a  similar  locality  about  a  mile  away,  where 
it  was  associated  with  the  same  two  species.  At  that  time  (1895) 
the  possibility  of  finding  a  species  not  in  the  standard  text-books 
had  never  occurred  to  me,  and  I  referred  it  to  one  of  the  other 
species.  In  thinking  over  the  matter  a  few  years  later  I  came  to 
the  conclusion  that  it  must  be  a  hybrid  between  the  two  species  as- 
sociated with  it,  but  last  summer  I  was  convinced  that  this  could  not 
be  the  case,  as  the  resemblance  of  5.  Catesbaei  to  5.  rubra  is 
rather  remote,  and  it  has  some  characters  not  possessed  by  either 
of  the  other  two.  Elliott  says  of  S.  Catesbaei  that  it  can  be  con- 
nected with  no  other  species  than  S.Jlava;  but  I  have  noticed  a 
very  close  and  probably  hitherto  unsuspected  relationship  between 
5.  Catesbaei  and  S,  Drummondii,  The  leaves  of  these  two  are  of 
almost  exactly  the  same  size  and  shape,  differing  principally  in 
coloring,  and  I  fancied  that  I  could  almost  detect  an  intergradation 
between  them,  for  many  of  the  leaves  of  5.  Catesbaei  had  the 
upper  parts  of  the  leaves  faintly  white-spotted,  like  those  of  S. 
Drummandii  but  in  lesser  degree.  The  inner  surface  of  the  hood 
was  also  pubescent  with  stiff  refiexed  hairs,  as  in  S,  Drummondii. 
But  all  had  the  iridescent  purple  spot  in  the  throat,  a  character 
which  is  shared  only  with  S.  flava.  If  my  plant  was  a  hybrid,  S. 
flava  could  hardly  be  one  of  its  parents,  for  that  species  is  not 
known  to  occur  within  27  miles  of  this  place  (and  in  all  my 
travels  in  Georgia  I  have  never  yet  seen  it  west  of  the  Flint  River, 
though  it  is  abundant  east  of  there). 

If  the  flowers  of  my  plant  could  be  obtained  its  affinities  would 
be  better  known,  but  strangely  enough,  I  have  never  been  able  to 
find  the  slightest  traces  of  flower  or  fruit  on  it.  The  flowers  of 
this  species  seem  to  be  very  rare.  Catesby  figures  two  flowers 
with  yellow  petals  on  the  plate  cited  by  Elliott,  but  these  probably 
belong  with  the  other  leaf  figured  on  the  same  plate,  which  is  a  leaf 
of  5.  miner.  Elliott  says  the  flowers  of  S.  Catesbaei  are  unknown 
to  him.  In  the  herbarium  of  Columbia  University  there  are 
several  very  doubtful  specimens  labeled  5.  Catesbaei,  but  these  are 
either  without  flowers  or  the  flowers  are  detached  and  may  not 
have  been  collected  with  the  leaves,  and  besides  they  are  so  old 
that  their  color  is  lost. 


Digitized  by 


Google 


During  the  Summer  of  1901  335 

Dr.  Mohr  says  of  5.  Catesbaei:  "  Flowers  yellow,"  but  the 
specimens  in  his  herbarium  have  no  flowers.  One  of  them  is  like 
mine,  except  for  being  smaller  (as  might  be  expected  from  the  ele- 
vation at  which  it  grew,  2,000  feet),  but  the  other  one  so  labeled 
looks  more  like  S.  flava,  and  it  is  possible  that  both  species  occur 
together  on  Lookout  Mountain.  The  only  flowering  specimen  of 
5.  Catesbaei  I  have  seen  was  collected  at  the  same  place  by  Pro- 
fessor A.  Ruth  in  July,  1898  (no.  253). 

But  even  without  flowers  5.  Catesbaei  seems  to  be  sufficiently 
distinct  from  the  other  six  species  (all  of  which  I  have  often  seen 
in  the  field),  which  are  often  found  sterile  also  (especially  the  two 
large  ones.  5.  flava  and  5.  Drummondii),  whether  on  account  of 
immaturity  or  unfavorable  conditions  I  do  not  know. 

Further  observations  of  this  species  in  the  field,  especially  in 
the  vicinity  of  Elliott's  type-locality,  are  much  to  be  desired. 

Crataegus  contrita  Beadle,  Biltmore  Bot.  Stud,  i:  61.  1902 
Collected  in  the  dry  deciduous  woods  about  half  a  mile  north 
of  Whigham,  on  the  Lafayette  clay  at  275  feet  altitude,  August 
10  (no.  1 1 84).  The  underlying  formation  here  is  the  Chattahoo- 
chee (Upper  Oligocene),  the  same  as  at  the  type-locality  of  this  spe- 
cies, which  happens  to  be  also  the  type-locality  of  the  formation. 

Crataegus  insidiosa  Beadle,  Biltmore  Bot.  Stud,  i :  94.     1902 
Collected  in  dry  red  clay  soil  among  the  hills  a  few  miles  north- 
west of  Americus,  July  30  (no.  1 143).     This  species  and  the  pre- 
ceding have  been  identified  for  me  by  Mr.  Beadle. 

Prunus  Cuthbertii  Small,  Bull.  Torrey  Club,  38:  290.  1901 
Collected  on  the  steep  rocky  slopes  of  the  Pine  Mountains,  at 
800  feet  altitude,  in  Upson  and  Meriwether  Counties,  August  28 
and  29  (nos.  1261  and  1267).  Recently  reported  from  Warm 
Springs  in  the  latter  county  by  Mr.  C.  L.  Boynton.*  This  species 
is  very  different  in  aspect  from  some  of  its  relatives,  and  in  winter 
would  hardly  be  taken  for  a  Prunus  at  all.  It  is  a  small  straggling 
tree  with  short  crooked  branches  and  rough  bark  not  unlike  that 
^^  ^  Diospyros.  It  seems  to  be  closely  related  to  P,  Alabamensis 
Mohr. 

•Biltmore  Bot.  Stud,  i  :  145.     1902. 
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This  is  probably  the  same  species  found  by  Dr.  Mohr  on  the 
mountains  of  Clay  and  Talladega  Counties,  Alabama,  and  referred 
by  him  to  P.  serotina  neomontana  Sudw.,  for  his  description* 
(written  of  course  before  P,  Cuthbertii  was  published)  exactly  fits 
my  specimens  from  the  corresponding  portion  of  Georgia. 

Krameria  secundiflora  DC.  {K,  lanceolata  Torr.) 
Collected  on  the  sand-hills  of  Big  Lxjtt's  Creek,  Bulloch 
County,  June  27  (no.  971),  and  seen  the  next  day  in  similar  situa- 
tions in  Emanuel  County,  near  the  rosemary  sand-hills.  This 
species  has  not  to  my  knowledge  been  reported  from  Georgia 
before,  or  from  any  adjacent  state  except  Florida.  In  Bulloch 
County  it  is  known  as  '*  sand-spur,"  a  name  which  in  Southwest 
Georgia  seems  to  be  applied  exclusively  to  Cenchrus  echinatus.  But 
I  found  to  my  surprise  that  no  species  of  Cenchrus  seems  to  be 
known  in  the  upper  part  of  Bulloch  County,  and  the  farmers  there 
are  to  be  considered  fortunate  in  not  having  made  the  acquaintzmce 
of  these  pests. 

Baptisia  perfoliata  (L.)  R.  Br. 

A  common  and  conspicuous  inhabitant  of  the  dry  pine-barrens 
of  Bulloch  and  other  counties  in  the  eastern  part  of  Georgia.  Col- 
lected along  the  railroad  at  Butts,  Emanuel  County,  June  6  (no. 
802).  It  has  rather  a  restricted  range,  being  known  only  from 
South  Carolina  and  Georgia  and  probably  not  occurring  west  of 
the  Ocmulgee  River.  The  westernmost  point  at  which  I  have 
seen  it  is  in  Montgomery  County. 

This  species  has  several  peculiarities  which  have  never  been 
described,  though  they  are  doubtless  well  known  to  the  few  bota- 
nists who  have  collected  it.  Its  most  striking  feature  is  that  the 
perfoliate  leaves  on  the  almost  horizontal  widely  spreading  branches 
are  all  placed  vertically,  exposing  both  surfaces  equally  to  the  sun 
and  giving  the  plant  a  most  striking  appearance.  The  phyllotaxy 
is  even  more  peculiar,  the  leaves  being  arranged  very  nearly  in  a 
single  row  on  each  branch,  with  the  midribs  all  pointing  toward 
the  zenith.  Strictly  speaking,  they  alternate  in  two  rows,  with  an 
angular  divergence  of  1 5  or  20  degrees  between  them,  instead  of 
180°  as  in  most  cases  of  two-ranked  leaves.     These  peculiarities 

*Contr.  U.  S.  Nat.  Herb.  6  :  62.     1901. 
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are  shared  by  no  other  species  of  Baptisia,  and  it  is  not  surprising 
that  this  one  was  made  the  type  of  a  new  genus  by  Rafinesque. 

Meibomia  pauciflora  (Nutt.)  Kuntze 
Collected  in  rich  shady  woods  near  Chokee  Creek,  Sumter 
County,  on  the  morning  of  July  25  (no.  1 1 14).  This  species  differs 
considerably  from  its  relatives  in  its  flowers.  The  corollas  are  not 
only  pure  white,  as  is  hinted  in  the  Illustrated  Flora  and  Dr. 
Britton's  Manual,  but  also  more  regular  than  in  the  other  species. 
The  two  lower  petals  instead  of  being  united  into  a  keel  are  widely 
diverging,  as  are  the  very  similar  wing-petals.  The  corolla  is  there- 
fore hardly  papilionaceous,  and  almost  the  only  evidence  of  irreg- 
ularity about  it  is  the  larger  size  of  the  standard,  which  is  three 
or  four  times  as  broad  as  the  other  petals.  Most  descriptions  say 
nothing  about  the  color  of  the  petals  of  this  species,  but  Mr.  T. 
H.  Kearney  and  Professor  A.  Ruth,  who  have  collected  it  in  Ten- 
nessee, inform  me  that  their  experience  has  been  the  same  as  mine 
in  this  respect. 

This  may  perhaps  be  considered  the  most  primitive  species  in 
the  genus.  In  its  other  characters  besides  those  mentioned  it  re- 
sembles very  much  its  near  relative  M,  grandiflora  (Walt.)  Kuntze, 
which  was  found  intimately  associated  with  it  and  collected  at  the 
same  time  (no.  1115). 

Euphorbia    eriogonoides  Small,  Bull.  Torrey  Club,    25:  614. 

1898 
In  rather  dry  pine-barrens,  Bulloch  County,  June  10  (no.  846)  ; 
not  common.     Previously  known  only  from  Mcintosh  County, 
where  Dr.  Small  discovered  it  in   1895.     My  specimens  are  less 
branched  thzm  his,  but  otherwise  identical. 

Helianthemum  rosmarinifolium  Pursh 
This  long  neglected  (and  perhaps  not  yet  very  well  known) 
plant  seems  to  be  the  most  abundant  species  in  the  vicinity  of 
Maien,  growing  in  dry  sandy  soil,  where  I  collected  it  on  June  5, 
(no.  759),  at  which  time  it  was  not  yet  in  flower.  Mr.  A.  H. 
Curtiss  collected  it  five  weeks  later  at  Oliver,  33  miles  farther  down 
the  Ogeechee  River  and  Central  R.  R.,  (no.  6838,  distributed  as 
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H,  capitatum  Nutt.),  and  on  his  labels  remarks :  *'  In  eastern 
Georgia  covering  hundreds  of  acres  of  old  fields  as  densely  as  a 
sowed  crop."  This  is  equally  true  around  Millen.  It  is  also 
more  or  less  abundant  along  roadsides  in  the  upper  part  of  Bul- 
loch County,  where  I  collected  it  in  flower  on  the  morning  of  July 
I  (no.  986).  The  original  specimens,  collected  by  Enslen,  prob- 
ably came  from  somewhere  in  this  part  of  the  state.  H,  rosmar- 
inifolium  never  has  the  appearance  of  a  native,  but  seems  to  be  a 
strictly  ruderal  plant,  and  I  have  never  seen  it  a  member  of  a  per- 
fectly natural  plant-community.  It  probably  belongs  to  the  con- 
siderable class  of  native  weeds,  like  Phytolacca  decandra,  Ambrosia 
artemisicefolia  and  Eupatorium  ccmpositifolium, 

OsMANTHUs  Americana  (L.)  B.  &  H. 

This  species  has  hitherto  been  supposed  to  be  confined  to  the 
immediate  vicinity  of  the  coast.  But  on  July  19  I  found  it  in 
some  abundance  in  dry  woods  south  of  Omaha,  which  is  125 
miles  inland  and  probably  about  300  feet  above  sea-level.  Only 
a  few  of  the  specimens  had  fruit  on  them,  however.  It  also  grows 
on  the  rosemary  sandhills  in  Emanuel  County,  on  the  sandy 
banks  of  the  Flint  River  in  Sumter  County  and  of  Muckalee  and 
Kinchafoonee  Creeks  in  Lee,  and  in  Decatur  County  near  Whig- 
ham,  as  well  as  on  Tybee  Island  on  the  coast.  It  is  usually  ster- 
ile and  therefore  likely  to  be  overlooked. 

Sabbatia  foliosa  Fernald,  Bot.  Gaz.  33:   155.     21  F  1902 

Collected  in  the  swamp  of  Big  Lott's  Creek,  Bulloch  County, 
June  27  (no.  964),  and  on  the  shore  of  a  small  pond  in  Decatur 
County,  August  12  (no.  1 196).  Both  numbers  have  been  exam- 
ined and  identified  by  Mr.  Fernald.  Seen  also  at  several  other 
points  in  Bulloch,  Emanuel,  Tattnall,  Montgomery,  Telfair, 
Dodge,  Wilcox,  Dooly,  Thomas  and  Decatur  counties.  Mr. 
Fernald  cites  specimens  of  this  species  only  from  South  Carolina 
and  Florida.  It  seems  to  occur  also  in  Alabama,  for  Dr.  Mohr's 
specimens  from  Vinegar  Bend,  Washington  County,  mentioned  in 
his  Plant  Life  of  Alabama  as  S,  dodecandra^  are  good  5.  foliosa. 
Much  of  the  southern  material  which  has  passed  as  S.  dodecandra 
will  probably  turn  out  to  be  the  latter  species.     Mr.   Fernald  in- 
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forms  me  that  there  are  no  authentic  specimens  of  the  former  in 
the  Gray  Herbarium  from  farther  south  than  North  Carolina. 

The  two  species  are  very  closely  related,  differing  perhaps  in 
habitat  as  much  as  in  any  other  way.  5.  dodecandra  seems  to  be 
mostly  a  maritime  plant,  while  the  usual  home  of  5.  foliosa  is  in 
creek  and  river  swamps.  S,  foliosa  seems  to  represent  one  ex- 
treme of  the  dodecandra  group,  of  which  5.  decandra  is  the  other. 

AscLEPiAS  HUMisTRATA  Walt.     {A,  ampUxicaulis  Michx.,not  J.  E. 

Smith) 
Grows  sparingly  in  dry  pine-barrens  and  on  sand-hills  in  Bul- 
loch County  (no.  833,  June  10),  also  seen  in  Effingham  and  Stew- 
art counties,  always  on  the  Columbia  formation.  This  is  another 
species  which  seems  never  to  have  been  completely  described. 
Its  glaucous  fleshy  leaves  are  so  twisted  at  their  points  of  insertion 
on  the  decumbent  branches  that  they  lie  in  vertical  planes,  giving 
the  plant  a  very  different  appearance  from  any  of  its  Eastern  rela- 
tives, if  not  from  all  other  species  of  the  genus.  The  leaves  are 
practically  alike  on  both  surfaces,  and  their  vertical  position  is  of 
course  an  example  of  a  well-known  adaptation  for  protection 
against  excessive  transpiration.  The  phyllotaxy  of  this  species  is 
also  peculiar,  the  successive  pairs  of  leaves  being  not  decussate 
but  parallel,  analogous  to  the  case  of  BapHsia  perfoliata  already 
mentioned. 

Asclepias  rubra  laurifolia  (Michx.) 

A,  laurifolia  Michx.  Fl.  Bor.  Am.  i :  117.     1803. 

Differs  from  A.  rubra  L.,  in  the  shape  of  the  leaves,  which  are 
lanceolate  from  a  cordate  or  somewhat  hastate  subsessile  base, 
tapering  uniformly  to  the  apex,  or  the  upper  ones  narrowed  at  the 
base. 

Collected  in  low  grounds  near  Muckalee  Creek,  Americus, 
July  29  (no.  1 128).  Accompanied  by  A,  lanccolata  Walt.  (no. 
1 1 27),  which  it  much  resembles.  Also  found  in  former  years  in 
several  similar  localities  within  a  few  miles  of  Americus,  but 
apparently  quite  rare,  as  I  have  never  seen  more  than  two  or  three 
individuals  at  one  time. 

Asclepias  laurtfolia  Michx.  has  usually  been  regarded  as 
identical  with  A,  rubra  L.,  but  my  specimens  and  others  which  I 
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have  seen  (mostly  from  Georgia),  agree  very  well  with  Michaux's 
description  and  are  easily  distinguished  from  A.  rubra,  a  plant  of 
more  northern  range,  by  the  shape  of  the  leaves,  which  appears 
to  be  quite  constant  But  as  this  is  about  the  only  difference,  it 
seems  best  to  treat  Michaux's  plant  as  a  variety  of  A,  rubra. 
This  may  possibly  have  been  done  before,  but  it  would  be  impos- 
sible to  ascertain  this  without  wading  through  a  great  mass  of 
literature.  Michaux  himself  did  not  contrast  the  two  plants,  as 
he  did  not  mention  A.  rubra.  Miss  Vail,  who  has  seen  his  type 
specimen,  which  was  found  *'secus  amnem  Althamaha,  in 
Georgia,"  says  that  my  specimens  resemble  it  very  closely.  In 
the  Columbia  University  Herbarium  are  specimens  of  the  same 
plant  collected  in  Georgia  by  Dr.  Boykin  and  Dr.  Chapman  (with- 
out definite  locality),  and  in  Louisiana  by  Dr.  Hale. 

Nama  ovata  (Nutt.)  Britton.     {Hydrolea  ovata^\^\X,.^ 

Collected  in  shallow  water  in  the  Slough  near  Camilla,  Mitchell 
County,  August  8  (no.  1170).  I  know  of  no  other  definite  sta- 
tion in  Georgia  for  this  species,  which  is  more  frequent  farther 
west.  It  is  remarkable  for  being  one  of  the  few  aquatic  or  semi- 
aquatic  plants  which  are  both  pubescent  and  spiny.  The  spines 
are  sufficiently  numerous  to  make  collecting  disagreeable  when 
one  has  to  wade  in  after  it  barefooted. 

Collinsonia  tuberosa  Michx. 

In  rich  shady  woods  on  the  north  side  of  a  bluff  of  Oostanaula 
shale  east  of  Dalton,  Whitfield  County,  at  720  feet  altitude,  Sep- 
tember 7  (no.  1287).  Has  very  much  the  babit  of  Phryma  Lep- 
tostachya,  which  grows  with  it,  and  its  flowers  have  almost  exactly 
the  same  odor  as  those  of  Dicerandra  odoratissima.  This  Col- 
linsonia seems  to  be  quite  rare,  but  it  is  imperfectly  understood 
and  its  nomenclature  is  somewhat  uncertain. 

Linaria  Floridana  Chapm. 

Collected  on  the  rosemary  sand-hills  of  Emanuel  County, 
June  28  (no.  976)  ;  evidently  long  past  flowering,  and  with  over- 
ripe capsules.  Previously  known  only  from  drifting  sands  along 
the  Gulf  coast. 
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Plantago  sparsiflora  Michx. 

Seen  only  in  rather  dry  pine-barrens  about  two  miles  south  of 
Smithville,  Lee  County,  where  I  collected  it  on  the  morning  of 
August  3  (no.  1 163).  This  species  has  much  the  appearance  of 
some  Melanthaceous  plant,  for  which  I  mistook  it  at  first  glance. 
It  seems  to  be  very  rare.  There  are  no  specimens  of  it  in  the  U. 
S.  National  Herbarium  or  that  of  the  New  York  Botanical  Garden 
besides  my  own,  but  in  the  former  there  are  two  specimens  so 
labeled,  one  from  Illinois  and  the  other  from  Kansas,  which  are 
something  entirely  different.  The  label  of  one  of  them  bears  a 
note  to  a  effect  that  the  capsules  are  5 -seeded,  and  the  other  one 
is  similarly  noted  to  have  6-seeded  capsules ;  while  in  P,  sparsi- 
flora they  are  2 -seeded. 

In  the  Columbia  University  Herbarium  are  two  old  and  imper- 
fect but  unmistakable  specimens  of  P.  sparsiflora,  one  from  North 
Carolina  and  one  from  South  Carolina,  as  well  as  a  very  doubtful 
specimen  from  Louisiana  and  one  from  Illinois  similar  to  those  in 
the  National  Herbarium.  All  these  western  specimens  are  annual, 
while  P.  sparsiflorais  perennial  from  a  stout  rootstook.  Just  what 
the  western  plant  represents  is  not  clear.  It  may  be  a  form  of  P, 
Vtrginica,  or  perhaps  Michaux's  P.  Kentuckensis,  a  species  which 
seems  never  to  have  been  recognized.  P,  sparsiflora  is  credited  to 
Illinois  in  Britton  and  Brown's  Illustrated  Flora,  doubtless  on  the 
basis  of  the  specimens  just  mentioned,  but  it  would  be  indeed  re- 
markable if  a  species  should  occur  both  in  Georgia  and  Illinois 
without  being  known  from  intermediate  stations.  The  true  P, 
sparsiflora  is  known  only  from  the  coastal  plain  of  Georgia  and 
the  Carolinas,  which  is  about  the  range  given  by  the  Michaux. 
My  specimens,  which  were  probably  the  first  collected  for  many 
years,  agree  perfectly  with  the  original  description  and  most  of  the 
later  ones. 

Viburnum  nitidum  Ait  Hort.  Kew.  i :  371.     1789 

V.  nudum  ^  angustifolium  Torn  &  Gray,  Fl.  N.  Am.  2  :  14. 
1841. 

Collected  in  the  swamp  of  a  small  pine-barren  stream,  Bulloch 
County,  June  8  (no.  831),  in  fruit.  This  species  does  not  seem  to 
have  been  recognized  by  most  recent  authors,  but  my  attention 
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was  called  to  it  by  a  description  in  Dr.  Mohr's  Plant  Life  of  Ala- 
bama,*  which  agrees  very  well  with  my  specimens.  It  is  very 
close  to  V,  nudum^  but  can  be  distinguished  in  the  field  without 
much  difficulty.  V.  nudum  was  collected  near  the  same  place  two- 
days  later  (no.  842). 

Vernonia  maxima  Small,  Bull.  Torrey  Club,  27:  280.     1900 
Abundant  on  the  muddy  banks  of  Mill  Creek  about  two  miles 
east  of  Dalton,  Whitfield  County,  where  I  collected  it  on  Septem- 
ber 7  (no.  1 292).     Not  previously  reported  from  Georgia. 

Cacalia  sulcata  Femald,  Bot.  Gaz.  33:   157.      21  F  1902 

I  have  known  this  species  since  August  22,  1896,  when  I  first 
collected  it  in  a  sandy  bog  southeast  of  Americus,  twelve  miles 
from  the  type-locality  given  by  Mr.  Femald.  I  have  specimens 
collected  at  the  same  place  August  20,  1897,  and  on  the  same 
date  in  1900  (no.  435).  This  locality  is  especially  characterized 
by  the  presence  of  Juncus  trigonocarpus  and  Sarracenia  Drum- 
tnondii,  I  was  never  able  to  refer  my  specimens  to  any  described 
species  until  I  saw  Mr.  Femald's  description,  which  I  immediately 
recognized  as  belonging  to  my  plant.  I  have  not  seen  any  of  the 
type  material  (Curtiss's  no.  6884A,  from  Smithville,  Lee  County, 
Ga.,  August  26,  1 901),  the  only  specimen  of  it  distributed  by  Mr. 
Curtiss  being  in  the  Gray  Herbarium,  but  Mr.  Femald  has  com- 
pared one  of  my  specimens  with  the  type  and  pronounces  them 
identical,  t 

This  species  of  course  belongs  to  the  genus  Mesadenia  Raf., 
but  Mr.  Femald  does  not  consider  Mesadenia  distinct  from  Cacalia, 
and  as  I  have  not  sufficient  knowledge  of  these  plants  to  disagree 
with  him,  I  refrain  from  changing  the  name. 

College  Point,  N.  Y. 

*Contr.  U.  S.  Nat.  Herb.  6  :  744.     1901. 

I I  have  recently  (October,  1902)  seen  a  specimen  of  the  same  thing  collected  in 
Lee  Co.,  Aug.  20,  1894,  by  the  late  Mrs.  Sarah  Thompson,  of  Smithville. 
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The  Publications  of  the  Department  of  Botany,  C 
lumbia  University,  consist  of  Memoirs  in  quarto  ai 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 

Vol.  I.   SmalL    A  Monograph  of  the  North  American  Species 
tiiQ  Gtnus  Pofy^onum.     Pp.178.    84  plates.     1895.     Pric 
six  dollars. 

Vol.  II.  Rydberg.  .A  Monograph  of  the  North  American  Pote 
tilieae.     Pp.224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volumej 

Vol.  I.  Nos.  I-2S  (1 886-1892).  Out  of  print,  except  Nos.  6,  { 
1 1 ,  1 3,  1 7.  20.  2 1 ,  22,  24.  These  can  be  supplied  at  twen^ 
five  cents  each,  except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32,  33.  34,  3 
and  39  are  out  of  print ;  other  numbers  can  be  supplied  ; 
twenty  five  cents  each,  except  No.  35,  which  is  one  dolh 
and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  52,  54,  60,  and  72  ar 
out  of  print ;  others  can  be  supplied  at  twenty  five  ceni 
each. 

Vol.  IV.  Nos.  76-100  (1895-1896).  Five  dollars;  single  num 
bers  twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897)  Five  dollars ;.  single  num 
bers  twenty  five  cents,  except  No.  119  which  is  fifty  cent$ 
and  No.  loi  which  can  only  be  supplied  with  full  volumes 

Vol.  VI.  Nos.  126-150(1897-1898).  Fivedollars.  Nos.  133,  136 
146,  and  150  can  be  had  only  in  orders  for  the  complet( 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  12c 
and  143,  which  are  fifty  cents  each. 

Vol.  Vn.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  anc 
158*  cannot  be  furnished  separately ;  other  numbers  twent}| 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents, 

Vol.  IX.    No.  201 — (current). 

*  Nos  157  and  158,  with  the  set  of  nine  papers  by  Mr.  Bicknell  on  SisyrintAium, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  0/ Botany. 

New  York  city. 
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THE  DEPARTMENT  OF  BOTANY 

And  its  Relation  to  the  New  York  Botanical  Garden 

THE  subject  of  botanical  gardens  will  ever  possess  unusual 
interest  to  the  friends  of  G>lumbia  University  because 
of  the  peculiar  relation  which  the  financial  standing  of  the 
University  bears  to  the  first  botanical  garden  of  New  York 
a  century  ago.  Samuel  L.  Mitchell,  the  founder  and  long 
the  first  president  of  the  old  Lyceum  of  Natural  History  (now 
the  New  York  Academy  of  Science) ;  David  Hosack,  the 
founder  of  the  Elgin  Botanical  Garden;  John  Torrey,  the 
Nestor  of  American  botany;  and  Nathaniel  Lord  Britton — 
these  are  four  of  the  five  names  that  appear  on  the  roll  of  the 
University  in  the  Department  of  Botany  prior  to  1896,*  and 

*The  complete  roll  with  date  of  service  is  as  follows:  Richard  S.  Kissaio 
(1792-1793);  Samuel  L.  Mitchell  ( 1 793-1795 ) ;  David  Hosack  (1795- 
1811);  John  Torrey  (1860-1873);  Nathaniel  Lord  Britton,  adjunct  pro- 
fessor (1890-91)9  professor  (18^1-1896),  emeritus  professor  (1896); 
Luden  Marcus  Underwood  (1896- ). 
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each  of  the  last  three  deserves  special  notice  in  connection  with 
the  development  of  the  present  condition  of  botany  in  New 
York.  Hosack  and  Torrey  were  more  closely  connected  with 
the  College  of  Physicians  and  Surgeons,  where  instruction  in 
botany  was  formerly  a  part  of  the  medical  course,  and  Britton 
was  really  the  first  to  give  instruction  in  Columbia  College 
proper.  At  this  time,  however,  it  is  unnecessary  to  consider 
these  details,  and  the  development  of  the  science  of  botany  in 
New  York  may  be  treated  as  a  imit  in  which  Columbia  has 
ever  been  a  leading  factor. 

The  Elgin  Botanical  Garden*  was  located  between  Fifth 
and  Sixth  avenues  just  below  Fifty-First  Street;  but  dur- 
ing its  brief  existence  in  the  first  decade  of  the  last  century 
it  was  too  far  out  of  town  to  be  much  visited  by  the  residents 
of  the  small  city  at  the  lower  end  of  Manhattan  Island.  It 
was  soon  given  to  Columbia  College  to  manage  as  a  botanical 
garden ;  and  finally,  in  exchange  for  certain  land-claims  which 
the  College  held  against  the  State,  it  was  made  over  to  the 
Trustees  of  the  College  to  use  as  they  pleased.  It  has  ever 
since  remained  a  part  of  the  University  property;  and  the 
income  from  its  rentals  forms  no  inconsiderable  portion  of 
the  available  assets  of  die  University.  A  most  interesting 
memorial  of  the  Elgin  Gardens  is  still  to  be  seen  in  the  two 
noble  yews  that  flank  the  steps  leading  to  the  University 
library.  These  stood  originally  in  the  Elgin  Gardens  and 
were  early  transplanted  in  what  is  now  South  Field,  whence 
they  were  removed  to  their  present  position  during  the  winter 
of  1894-95. 

It  will  perhaps  not  be  amiss  to  diverge  a  moment  to  another 
work  performed  by  David  Hosack,  inasmuch  as  it  bears 
directly  upon  the  development  of  botany  and  botanical  instruc- 
tion in  America  at  large.  A  young  law  student,  Amos 
Eaton  by  name,  came  under  Hosack's  influence  and  was  a  fre- 

*  A  large  painting  of  the  Elgin  Garden  which  has  long  been  in  the  pos- 
session of  the  Hosack  iaxmly  has  recently  been  presented  to  the  New  York 
Botanical  Garden. 
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quent  visitor  at  the  Elgin  Gardens.     Soon  afterwards  he  be- 
came a  teacher  of  the  science.    His  class  in  botany  at  Williams 
Coll^^e,  which  ccmtained  every  student  at  the  college  but  two, 
unanimously  requested  the  privilege  of  publishing  the  manu- 
scripts of  his  work  in  botany.      This  formed  the  first  of  a 
series'*"   of  botanical  manuals   which  passed  through   eight 
editions  and  were  the  forenmners  of  a  later  series  which  Asa 
Gray  carried  through  five  additional  editions  during  his  life- 
time.     Eaton  was  afterwards  connected  with  the  school  of 
engineering  at  Troy.      While  detained  in  a  debtor's  prison 
in  New  York  City  for  the  supposed  mismanagement  of  an 
estate  in  Coltmibia  County,  he  amused  himself,  as  he  related 
long  afterwards,  by  giving  instruction  in  botany  to  the  son 
of  his  jailor.     The  bright  boy  who  thus  drank  in  his  first  in- 
spiration in  botany  from  Eaton,  and  who  was  afterwards  a 
student  imder  Dr.  Hosack,  was  none  other  than  John  Torrey.f 
When  the  annals  of  American  botany  are  finally  written, 
no  name  will  have  a  more  conspicuous  position  than  that  of 
John  Torrey.     An  enthusiast  in  botany  almost  from  boyhood ; 
a  life-long  devotee  of  the  science;  a  master  in  the  art  of 
botanical  description  and  illustration ;  a  world-renowned  writer 
of  botanical  memoirs ;  a  man  of  simplicity  of  life  and  manner, 
of  becoming  modesty  regarding  his  own  merit,  of  unblemished 
int^^ity  and  worth, — ^John  Torrey,  both  as  a  man  and  a 
botanist^  holds  first  place  in  our  science.      In  what  degree 
Torrey  had  made  New  York  a  botanical  center  as  early  as 
183 1,  is  seen  in  the  fact  that  Asa  Gray,  restive  in  his  work  in 
central  New  York  and  casting  about  for  a  place  where  he 
could  study  botany,  could  find  no  better  tutelage  than  under 

*  A  copy  of  this  first  edition,  now  one  of  the  rarest  works  on  American 
botany,  was  recently  obtained  by  the  librarian  of  the  New  York  Botanical 
Garden  in  an  old  book  shop  in  the  city.  With  characteristic  modesty  Eaton 
refrained  from  placing  his  name  on  the  title  page. 

t  Amos  Eaton  was  the  grandfather  of  the  late  Daniel  C.  Eaton,  who  was 
a  pupil  of  Asa  Gray  and  afterwards  became  the  first  professor  of  botany 
at  Yale.  His  library  and  collections  form  the  foundation  of  the  present 
4q»artment  of  botany  in  that  University. 
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Torrey,  and  came  to  New  York  as  Torrey's  pupil.  Later 
Torrey  associated  Ginty  with  himself  in  the  preparation  of 
the  "Flora  of  North  America,"  a  work  that  will  ever  stand 
as  a  classic  in  American  botany,  combining  with  the  critical 
acumen  and  exact  learning  of  its  senior  author  the  enthusiasm 
and  push  of  its  more  youthful  one.  Gray  remained  at  New 
York  imtil,  in  1843,  ^^  received  his  call  to  Harvard  University, 
where  he  established  a  second  center  of  botanical  research. 
The  annexation  of  Texas,  as  the  second  of  our  acquisitions  of 
Spanish  territory;  the  Mexican  war  and  the  commencement 
of  our  expansion  policy  in  the  acquisition  of  California  and 
New  Mexico,  with  the  attendant  military  occupation  and  ex- 
ploration for  the  settlement  of  boundaries;  the  discovery  of 
gold  in  California  in  1848  and  the  resultant  development  of 
that  Eldorado  of  immigration;  and  finally  the  transcontinental 
railroad  projects  of  the  early  fifties, — ^all  these  movements 
brought  to  Torrey  and  Gray  the  floral  wealth  of  new  terri- 
tories, and  made  the  Torrey  herbarium  at  New  York  and  the 
Gray  herbarium  at  Cambridge  two  great  repositories  of  the 
early  types  of  western  plants,  each  supplementing  the  other 
in  their  priceless  possessions. 

At  Torrey's  death,  in  1873,  his  entire  collection  and  his 
botanical  library  came  into  the  possession  of  Columbia  College. 
It  was  for  many  years  located  in  a  house  on  Madison  Avenue, 
whence  it  was  first  removed  to  a  precarious  position  in  the 
"maison  de  punk,"  and  thence  to  the  crowded  quarters  in  the 
uppermost  stackroom  of  the  library  building  on  Forty-Ninth 
Street.  The  botanical  museum  not  being  ready  at  the  time 
of  the  sale  of  the  old  site,  the  collection  was  temporarily  placed 
in  502  Schermerhom  Hall  until  it  was  finally  deposited  with 
the  New  York  Botanical  Garden  in  1898. 

About  the  time  the  College  came  into  the  possession  of  the 
Torrey  herbarium,  two  other  large  collections  were  acquired 
through  the  generosity  of  John  J.  Crooke,  Esq.,  vis.,  the  Chap- 
man herbarium,  on  which  Dr.  A.  W.  Chapman  of  Apalachicola, 
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Florida,  had  based  his  "Flora  of  the  Southern  States,"  and 
the  Meisner  herbarium,  which  had  been  accumulated  by  Pro- 
fessor G.  F.  Meisner  of  Basel,  one  of  the  prominent  contrib- 
utors to  De  CandoUe's  "Prodromus."     The  shifting  of  the 
sheets  of  these  three  great  collections  into  a  single  series 
formed  one  of  the  first  pieces  of  botanical  work  of  a  young 
man  who  afterwards  became  professor  of  botany  in  Columbia 
and,  at  his  retirement  in  1896,  the  youngest  emeritus  professor 
of  any  American  University.     This  piece  of  work,  which  to 
an   ordinary  student  would  have  been  merely  mechanical, 
became  to  the  alert  mind  of  Dr.  Britton  a  most  valuable  botan* 
ical  education ;  and  the  impressions  of  relationships  of  the  parts 
of  the  botanical  system  which  he  then  gained  have  never  been 
forgotten.      A   sheet  once  seen   was  so  impressed  on  his 
memory  that  it  was  always  remembered;  and  to  this  day  it 
is  the  marvel  of  all  his  associates  that  he  can  so  readily  locate 
a  given  plant  preserved  in  this  enormous  collection.     So  long 
as  the  Collie  remained  at  Forty-Ninth  Street,  the  congested 
ccttiditions  precluded  the  development  of  any  except  rudimen- 
tary laboratories;  and  Dr.  Britton  most  wisely  employed  his 
energies  and  his  departmental  appropriations  in  the  enlarge- 
ment of  the  collections  and  the  completion  of  the  botanical 
library.     In  this  way  collections  and  books  that  are  no  longer 
obtainable  were  added  to  our  stores ;  and  when  the  transfer  of 
the  library  and  herbarium  was  finally  made  to  the  Garden, 
they  contained  over  5,000  bound  volumes,  besides  quantities 
of  tmbound  pamphlets,  and  nearly  a  half  million  specimens. 

It  was  during  Dr.  Britton's  professorship  that  Barnard 
College  was  organized,  and  the  Department  of  Botany  was 
the  first  to  be  established  in  that  college  under  the  efficient 
leadership  of  Dr.  Emily  L.  Gregory,  who  held  the  position 
until  her  death  in  1897.  Dr.  Britton  for  a  time  was  acting 
dean  of  Barnard.  He  was  also  active  in  the  organization 
of  the  graduate  School  of  Pure  Science,  and  was  secretary  of 
its  faculty  until  his  resignation  in  1896. 
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Dr.  Britton's  efforts  had  long  been  exerted  in  promoting 
botanical  work,  not  in  Columbia  College  only,  but  in  a  wider 
field.  Through  the  Torrey  Botanical  Club* — ^an  organization 
that  had  grown  out  of  occasional  meetings  of  local  amateur 
botanists  about  Dr.  Torrey  during  his  later  years — ^Dr.  Brit- 
ton  and  others  commenced  a  systematic  movement  toward  the 
formation  of  a  botanical  garden  in  New  York.  Into  this  work 
Dr.  Britton  entered  with  characteristic  energy  and  quiet  en- 
thusiasm, and  the  present  development  of  the  New  York 
Botanical  Garden  stands  as  a  living  monument  of  his  service 
to  botany  in  America.  The  patient  endurance  of  adverse 
criticism  during  the  Garden's  formative  period;  the  adroit 
management  of  all  the  intricate  and  often  delicate  problems 
that  have  arisen  in  its  development;  the  broad-minded  views 
involved  in  the  plans  for  its  scientific  equipment;  the  consum- 
mate skill  with  which  a  most  harmonious  body  of  workers 
has  been  brought  together,  and  the  prodigious  amount  of 
scientific  work  acoxnplished  in  the  midst  of  trying  adminis- 
trative details — ^these  are  best  known  to  the  men  who  have 
been  associated  with  Dr.  Britton  in  his  far-sighted  under- 
taking. 

The  New  York  Botanical  (jarden  is  a  corporation  estab- 
lished by  an  act  of  the  State  L^slature,  first  passed  in  1891 
and  amended  in  1894.  Its  Board  of  Managers  is  composed 
of  (i)  ex-cftdcio  members,  viz.,  the  mayor  of  the  City  of  New 
York  and  the  president  of  the  Department  of  Public  Parks; 
(2)  elected  managers,  to  the  number  of  twelve;  and  (3)  sci- 
entific directors.  The  last  body,  which,  according  to  the  act 
of  incorporation,  has  ''the  management  and  control  of  the 

*The  Torrey  Qab  commenced  the  publication  of  a  monthly  four-page 
Bulletin  in  197a  Its  twenty-ninth  volume,  containing  vi  +  725  pages  and 
26  plates,  has  just  been  completed  Besides  this,  it  began  in  1889  the 
publications  of  Memoirs,  which  have  now  reached  the  twelfth  volume,  and 
more  recently  a  smaller  monthly,  Torreya,  now  commencing  its  third 
volume.  During  the  year  1902  the  total  scientific  publications  of  the  Qub 
aggr^;ated  1761  octavo  pages  and  90  plates,  which  exceeds  that  of  any 
other  scientific  organization  in  America. 
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scientific  and  educational  departments"  of  the  corporation,  is 
composed  of  the  president  and  the  professors  of  botany,  geol- 
ogy  and  chemistry  in  Columbia  University,  the  president  of 
the  Torrey  Botanical  Club,  the  president  of  the  Board  of 
Education  of  the  City  of  New  York,  and  such  other  persons 
as  may  be  elected  by  the  Board  of  Directors  and  approved  by 
the  entire  Board  of  Managers.  At  the  present  time  only  one 
person,  Dr.  H.  H.  Rusby,  has  been  thus  elected,  so  that  of 
the  seven  members  of  this  board,  four  are  representatives  of 
the  University. 

The  act  of  incorporation  also  authorized  the  setting  aside 
of  two  hundred  and  fifty  acres  of  park  land,  and  the  erection 
by  the  City  of  a  fire-proof  museum  building  and  conservatories 
for  the  culture  of  tender  plants  at  an  expense  not  to  exceed 
$500,000,  conditional  on  the  raising  of  an  endowment  fund 
of  not  less  than  $250,000  by  the  Board  of  Managers. 

Subscriptions  were  soon  opened  for  this  endowment, 
Columbia  University  standing  at  the  head  of  the  list  with  a 
subscription  of  $25,000,  and  in  June,  1895,  the  fund  reached 
the  statutory  amount  of  $250,000.  Dr.  Britton,  who  had  been 
connected  with  the  development  of  the  Garden  from  the  out- 
set, and  who  had  personally  gone  over  the  available  park  land 
and  had  selected  the  north  end  of  Bronx  Park  as  the  most 
desirable  site  for  a  garden,  was  chosen  director  in  1896;  and 
the  writer  was  elected  to  the  professorship  in  Coltunbia  thus 
vacated.  After  various  delays  the  explanation  of  which  may 
be  left  to  the  future  historian,  the  plans  were  accepted,  the 
building  fund  was  appropriated  by  the  City,  and  ground  was 
broken  for  the  museum  building  in  December,  1897.  The 
musetun,  completed  except  for  the  two  wings  left  for  future 
expansion,  was  handed  over  to  the  director  in  1899.  Ground 
for  the  large  conservatory  was  broken  in  January,  1898,  and 
the  first  plants  were  installed  in  about  three-fifths  of  the  com- 
pleted structure  in  June,  1900;  the  remaining  portions  were 
completed,  by  the  aid  of  a  subsequent  appropriation,  in  May, 
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1902.  Grading  and  planting  the  grounds  have  proceeded  as 
rapidly  as  possible  and,  with  the  woridng  out  of  the  present 
contracts,  tihe  ground  plans  will  be  fairly  established  on  per- 
manent lines. 

The  scheme  of  the  Garden  is  primarily  educational;  and, 
as  an  educational  institution  it  is  maintained  by  the  City,  like 
the  Museum  of  Natural  History  and  the  Metropolitan  Museum 
of  Art  The  educational  features  of  the  Garden  can  be  summed 
up  imder  the  following  heads : 
A.  For  the  education  of  the  general  public. 

I.  Plantations. 

1.  Herbaceous  grotmds,  containing  such  plants  as  will 

grow  in  the  open,  arranged  according  to  natural 
relationships. 

2.  A  fruticetum,  containing  hardy  shrubs  or  low  woody 

plants  similarly  arranged. 

3.  An  arboretum,  with  named  examples  of  hardy  trees 

arranged  in  family  groups  as  far  as  possible.  (In 
some  instances  it  will  take  years  to  furnish  mature 
examples,  but  there  are  already  in  the  park  many 
fine  trees  of  numerous  species.) 

4.  Conservatories,  for  plants  too  tender  to  endure  the 

climate  at  our  latitude.     These  are  arranged,  as  far 
as  needs  of  cultivation  permit,  in  family  groups. 
IL  Museums. 

1.  A  floor  of  the  museum  building  devoted  to  exhibits 

showing  the  relation  of  plants  to  man  or,  in  other 
words,  economic  plants,  their  products  and  methods 
of  preparation. 

2.  A  floor  devoted  to  exhibits  showing  the  relations  of 

plants  to  each  other,  consisting  of  illustrations  by 
various  means  of  the  structural  characters  of  the 
various  types  of  plants.  A  feature  of  this  series 
is  the  exhibition  in  swinging  frames  of  specimens 
of  all  native  plants  of  the  local  flora,  i.  e.,  those 
growing  within  100  miles  of  New  York  City. 


Digitized  by 


Google 


§ 

> 

o 

> 

G 
CO 

n 
a 

» 

O 

> 


Digitized  by 


Google 


Digitized  by 


Google 


1903]  The  Department  of  Botany  286 

3.  A  pateo-botanical  exhibit  showing  the  types  of  fossil 
plants.  The  rich  accumulations  made  under  Pro- 
fessor Newberry  and  Dr.  Hollick,  and  deposited 
by  Cdumbia  University,  form  the  basis  of  this  col- 
lection- 
Ill.  Lectures.  A  course  of  popular  illustrated  lectures, 
given  at  present  each  Saturday  afternoon  during 
spring  and  autumn. 
B.  For  the  education  of  botanists. 

L  Laboratories.     These  occupy  the  entire  upper  floor  of 
the  museum  building  and  are  fitted  up  for  research 
instruction  in  every  phase  of  botanical  work — 
physiological,   pathological,  economic,   taxonomic. 
These  are  supplemented  by  special  rooms  in  the 
nursery  greenhouses  for  experimental  work — ^rooms 
which  can  be  set  aside  for  students'  use  as  required. 
n.  Library.      The  botanical  library  now  numbers  over 
12,000  volumes,  having  more  than  doubled  since  the 
removal  of  the  Columbia  nucleus  to  the  Garden. 
Botanical   periodical   literature   is   especially   well 
represented. 
in.  Herbarium.     The  combined  collections  of  Columbia 
and  the  Garden  now  amount  to  over  a  million  speci- 
mens.    Additions  are  made  at  a  rate  of  over  fifty 
thousand  specimens  a  year.      During  two  excep- 
tional years,  over  two  himdred  thousand  specimens 
were  added. 
During  the  calendar  year  1902  forty-four  research  students 
were  r^stered  at  the  Garden  for  longer  or  shorter  periods. 
This  list  includes  the  graduate  students  of  the  Department 
of  Botany  at  Columbia  and  others  who  are  primarily  roistered 
at  the  (jarden.     In  all,  graduates  of  thirty-one  colleges  were 
represented  among  these  research  students. 

At  the  last  meeting  of  the  Board  of  Managers  two  scholar- 
ships for  advanced  workers  were  established,  of  sufficient  value 
to  cover  necessary  living  expenses.     They  are  intended  for 
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persons  who  are  prepared  to  carry  on  for  a  definite  period  (two 
to  six  months)  some  line  of  research  and  who  can  profitably  use 
the  extensive  facilities  offered  at  the  Garden.  This  is  prac- 
tically a  new  tjrpe  of  scholarship:  it  is  not  intended  for  the 
ordinary  graduate  student,  but  for  such  as  have  already  passed 
the  period  of  their  novitiate. 

The  scientific  woric  of  the  Garden  is  conducted  on  various 
lines  and  is  proceeding  as  rapidly  as  financial  encouragement 
will  permit.  The  following  are  some  of  the  tindertakings 
completed  or  in  progress : 

1.  Exploration  of  regions  little  known  botanically.  During 
the  past  three  years  exploring  parties,  larger  or  smaller,  have 
visited  the  following  r^ons :  Bermuda,  Newfoundland,  Nova 
Scotia,  Arizona,  Texas,  California,  Colorado  (2),  Montana, 
St.  Kitts,  Puerto  Rico  (2),  Jamaica,  Florida  (2),  Mexico, 
Sumatra,  and  Bolivia.  Exploring  parties  are  at  present  in 
Mexico,  Honduras,  Jamaica,  and  Cuba. 

2.  The  preparation  of  floras  of  definite  regions.  While 
not  an  official  publication  accredited  to  the  Garden,  Dr.  Brit- 
ton's  "Flora  of  North-Eastem  America"  may  be  mentioned 
as  a  part  of  the  work  of  the  staflF.  Dr.  J.  K.  Small  also  is 
printing  a  "Flora  of  the  South-Eastem  United  States,"  which 
will  soon  be  issued,  and  Dr.  P.  A.  Rydberg  has  in  preparation 
a  similar  "Flora  of  the  Rocky  Mountain  Region." 

3.  The  North  American  Flora.  This  work  had  its  incep- 
tion in  a  correspondence  between  Dr.  Britton  and  the  present 
writer  early  in  1893.  Plans  were  soon  after  formulated  for 
the  publication  of  a  complete  flora  of  North  America,  north  of 
Mexico,  in  sixteen  volumes  to  be  issued  in  parts.  Two  bar- 
riers however  existed  which  delayed  the  early  progress  of  the 
work :  both  Dr.  Britton  and  the  writer  were  fully  employed  in 
other  work  connected  with  perfecting  the  plans  of  the  Botanical 
Garden,  and  the  enterprise  lacked  the  financial  support  neces- 
sary or  at  least  desirable  to  ensure  entire  success.  Meanwhile 
the  Spanish  War  of  1898  changed  the  political  map  of  North 
America  and  plunged  us  tmawares  into  the  midst  of  tropical 
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botany.  This  necessitated  a  revision  of  the  entire  plan  of  the 
woric,  and  the  completion  of  many  of  the  vexing  preliminary 
plans  for  the  Garden  left  us  more  free  to  take  up  again  this 
earlier  project.  Under  the  will  of  Judge  Daly  we  received  a 
large  bequest  which  could  be  applied  to  publication,  and  we  are 
now  in  a  position  to  proceed  with  the  work.  The  new  plan  in- 
volves an  extensive  addition  to  the  previous  geographical  scope 
of  the  work,  so  that  it  now  includes  the  West  Indies,  Mexico 
and  Central  America,  in  all  of  which  regions  botanical  explor- 
ation is  being  rapidly  carried  on.  This  involves  an  increase 
in  Ac  number  of  proposed  volumes  from  sixteen  to  thirty-one. 
The  first  two  parts  which  are  now  nearly  ready  for  the  press, 
will  be  issued  during  the  present  yean  ^ 

4.  Serial    Publications.      Four    series   are   maintained   at 
the  Garden : 

(a)  Journal.       Published   monthly,    primarily    for   the 

benefit  of  members  of  the  Garden;  giving  reports 
of  accessions  and  memoranda  relative  to  tiie  prog- 
ress of  work. 

(b)  Bulletin.     Published  at  intervals;  giving  official  re- 

ports of  progress,  and  often  shorter  scientific 
papers  by  various  members  of  the  staff. 

(c)  Contributions.     Consisting  of  reprints  of  papers  by 

officers  or  students  of  the  Garden  published  else- 
where than  in  the  above  series. 

(d)  Memoirs.      Containing  more  formal  and  extensive 

papers  by  members  of  the  staff.  Two  volumes 
have  already  appeared  and  a  third  is  in  press. 
By  a  grant  from  the  Carnegie  Institution  of  $8,000  for  the 
first  year,  a  laboratory  at  Tucson,  Arizona,  for  the  study 
of  problems  connected  with  desert  vegetations  and  the  eco- 
nomic problems  resulting  therefrom  has  been  made  possible. 
The  entire  management  is  vested  in  Mr.  F.  V.  Coville,  botanist 
of  the  Department  of  Agriculture  at  Washington,  and  Dr. 
D.  T.  MacDougal,  director  of  the  laboratories  at  the  Garden. 
This  new  project  opens  up  a  line  of  physiological  botany  on 
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an  extensive  scale  and  in  an  entirely  new  field  of  research,  and 
thus  becomes  a  prominent  side  interest  for  the  Garden  staff. 
The  undergraduate  work  of  the  Department  of  Botany  of 
Coltunbia  University  is  carried  on  in  three  somewhat  inde- 
pendent sets  of  laboratories,  which  in  time  may  be  more  closely 
coordinated,  (i)  The  department  at  Barnard  College,  orig- 
inally established  as  an  independent  professorship,  has  been 
placed,  since  the  death  of  Dr.  Gregory,  tinder  the  management 
of  Dr.  H.  M.  Richards,  with  two  assistants.  (2)  At  Teach- 
ers College,  the  botanical  work  is  under  Professor  Francis  E. 
Lloyd,  with  one  botanical  assistant.  Both  Professor  Lloyd 
and  Dr.  Richards  have  charge  of  graduate  courses  in  addi- 
tion to  general  or  tindergraduate  work.  (3)  For  the  under- 
graduate work  of  Columbia  College  and  the  Schools  of  Applied 
Science,  extensive  laboratories  are  fitted  up  on  the  third  floor 
of  Schermerhom  Hall.  A  half-year's  instruction  is  given 
to  students  in  civil  engineering  and  three  years'  undergraduate 
work  is  offered  to  students  of  Columbia  College.  Practically 
the  whole  development  of  the  undergraduate  laboratories  has 
been  accomplished  since  the  removal  to  the  new  site  in  1897. 
Laboratories  for  general  morphology  and  physiology,  grow- 
ing-chambers, dark  rooms,  lecture  room  with  lantern  equip- 
ment, and  a  valuable  series  of  charts  and  apparatus  have  been 
gradually  accumulated  from  a  special  appropriation  at  the  out- 
set and  the  usual  annual  appropriation  of  the  department.  In 
a  series  of  special  cases  the  leading  features  of  the  plant  system 
are  exhibited  in  a  synoptical  way,  and  a  series  of  preparations 
in  jars  illustrate  the  principal  features  of  plant  morphology 
and  the  life  histories  of  typical  plants;  a  series  of  swinging 
cases  are  in  preparation  to  illustrate  the  trees  and  other  woody 
plants  of  the  North-Eastem  States,  showing  leaves,  flowers, 
fruit,  bark  and  wood.  An  extensive  series  of  photographic 
illustrations  of  various  phases  of  plant  communities  and  types 
of  plant  growth  form  an  important  educational  and  decorative 
adjunct  of  the  halls,  supplemented  by  a  series  of  illustrations 
from  foreign  botanical  gardens.     For  the  preparation  of  these 
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photc^^phs,  collections  and  illustrations  the  department  is 
indebted  to  the  self-sacrificing  and  painstaking  efforts  of  Dr. 
Carlton  C.  Curtis,  who  has  accomplished  this  accessory  work 
in  the  midst  of  arduous  labors  in  the  class  room,  laboratory  and 
field  with  the  undergraduates  of  Columbia,  and  at  the  same 
time  has  been  carrying  on  intricate  researches  in  several  prob- 
lems of  plant  physiology.  The  department  needs  only  a  special 
oidowment  to  make  its  efficiency  complete.  Besides  Dr. 
Curtis,  the  department  has  at  present  a  single  assistant. 

The  publications  of  the  Department  of  Botany  consist  of 
Memoirs  and  Contributions,  besides  miscellaneous  publications 
not  included  in  either  series.  Two  volumes  of  Memoirs  in 
quarto  have  been  published,  containing  monographs  by  Dr. 
John  K.  Small  and  Dr.  P.  A.  Rydberg,  representing  their 
dissertations  for  the  doctorate.  Succeeding  volumes  of  this 
series  will  contain  a  monograph  of  the  North  American  Ferns 
by  the  present  writer.  The  Contributions  were  started  in 
1886  and  have  just  reached  a  total  of  200  numbers  (eight 
volumes).  These  consist  of  reprints  of  botanical  papers  pub- 
lished in  various  periodicals  by  students  of  the  department  or 
members  of  the  staff. 

Miscellaneous  publications,  not  included  in  the  above  lists, 
form  some  of  the  most  extensive  memoirs  issued  by  members 
of  the  department.  Among  these  may  be  noted  specially  the 
dissertations  of  Dr.  M.  A.  Howe  on  "The  Hepaticae  and 
Anthoccrotes  of  California"  (35  plates),  of  Dr.  David  Grif- 
fiths on  "The  North  American  Sordariaceae"  (19  plates),  of 
Dr.  Tracy  E.  Hazen  on  "The  Ulothricaceae  and  Chaetophor- 
aceae  of  the  United  States"  (23  plates),  and  an  important 
paper  by  Professor  Lloyd  on  "The  Comparative  Embryology 
of  the  Rubiaceae"  (15  plates).  Among  other  contributions 
to  botanical  science  emanating  from  members  of  the  depart- 
ment and  soon  to  be  published,  we  may  mention  the  important 
discovery  of  a  cytological  basis  for  the  Mendelian  law  by  Dr. 
W.  A.  Cannon,  fellow  in  botany,  1900-1902,  resulting  from 
his  study  of  hybrid  cottons,  and  the  economically  important 
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starch  investigations  of  Dr.  A.  P.  Anderson,  assistant  in 
botany,  1901-1902,  which  are  destined  to  revolutionize  our 
present  imperfect  s)rstem  of  the  preparation  of  starchy  foods. 
The  exact  relations  between  the  Department  of  Botany  at 
Coliunbia  and  the  New  York  Botanical  Gardens  can  best  be 
imderstood  by  a  reading  of  the  original  contract  between  the 
institutions : 

This  agreement,  made  at  the  City  of  New  York,  this  eighth 
day  of  January,  one  thousand  eight  hundred  and  ninety-six, 
between  the  The  New  York  Botanical  Garden,  party  of  the 
first  part,  and  The  Trustees  of  Columbia  College  in  the  Qty 
of  New  York,  party  of  the  second  part. 

Witnesseth,  That  The  Trustees  of  Columbia  College  have 
agreed  and  by  these  presents  do  agree  to  deposit  the  Herbarium 
and  BotanicsJ  Library  belonging  to  the  College  (except  such 
minor  part  thereof  as  it  shall  deem  necessary  for  tmdergraduate 
instruction  at  the  College)  with  The  New  York  Botanical 
Garden,  at  the  request  and  for  the  use  of  said  Garden,  upon  the 
considerations  and  for  the  purposes  and  subject  to  the  conditioiis 
following: 

1.  That  the  o£5cers  and  students  of  Columbia  College  may 
freely  consult  and  use  the  same  as  heretofore,  as  well  as  the 
Library  and  Herbarium  collected  by  the  Garden,  and  that  both 
the  Library  and  Herbarium  of  the  Coll^^  shall  be  kept  satisfac- 
torily insured  by  the  Garden. 

2.  That'Cohunbia  Collie,  either  alone  or  in  cooperation  with 
other  institutions,  may  conduct  university  courses  at  the  Garden 
for  graduate  or  advanced  students  in  botany  and  kindred  sub- 
jects, which  shall  be  free  to  their  own  students,  and,  as  the 
authorities  of  the  Garden  may  prescribe,  to  students  at  the  Gar- 
den or  from  other  institutions;  that  the  reasonable  use  of  the 
laboratories  and  floral  material  from  the  Garden  needed  for  study 
shall  also  be  available  to  such  officers  and  students  without  charge, 
subject  to  any  necessary  r^^ulaticxis  by  the  authorities  of  the 
Garden. 

3.  That  all  courses  of  instruction  given  at  the  Garden  shall 
likewise  be  open  to  the  officers  and  students  of  Columbia  College 
without  charge;  and  so  far  as  reasonably  practicable,  botanical 
material  needful  for  study  shall  be  supplied  to  Columbia  College 
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for  undergraduate  work,  as  well  as  to  other  colleges,  the  public 
schools  and  other  public  educational  institutions,  subject  to  the 
regulations  of  the  Garden  authorities. 

4.  That  students  stud3dng  at  the  Garden  who  are  not  matricu- 
lated students  of  Columbia  Collie  or  of  any  other  college,  may 
be  admitted  without  charge,  on  the  request  of  the  authorities  of 
the  Garden,  to  such  courses  at  Columbia  as  said  authorities  may 
recommend  and  the  Collie  may  approve. 

5.  That  the  Columbia  Library  and  Herbarium  and  all  acces- 
sions thereto  made  by  the  College  or  in  its  behalf,  while  on  deposit 
at  the  Garden  shall  be  kept  distinguishable  from  the  library  and 
Herbarium  of  the  Garden,  by  such  means  as  shall  be  approved  by 
the  College,  so  as  to  be  easily  separable  in  case  of  removal. 

6.  That  Columbia  Collie  reserves  the  right  to  retain  or  to 
recall  at  any  time  so  much  of  its  Herbarium  and  Botanical  Library 
as  it  may  deem  necessary  for  use  in  undergraduate  instruction. 

7.  That  either  party  may  terminate  this  arrangement  on  one 
year's  notice  to  the  otiher. 

The  Department  of  Botany  is  thus  placed  in  direct  contact 
with  the  largest  botanical  institution  in  America,  housed  in 
the  largest  botanical  building  in  the  world.  Library  and 
herbaritun  facilities  increasing  with  a  rapidity  which  would 
have  been  impossible  in  a  university  department ;  laboratories 
specially  equipped  for  research;  the  use  of  special  culture 
rooms  in  conservatories ;  constant  temperature  rooms  for  con- 
ducting physiological  experiments ;  a  chemical  laboratory  fitted 
for  complete  plant  analysis ;  and,  best  of  all,  direct  contact  with 
a  large  coterie  of  specialists  each  working  along  a  different 
line  of  botanical  research — ^these  are  only  a  few  of  the  oppor- 
tunities that  can  now  be  offered  to  graduate  students  in  botany 
at  Columbia  University.  As  guides  in  their  work  they  may 
select  any  of  sixteen  specialists,  each  representing  different 
phases  of  the  present  multiplex  study  of  plant  life. 

To  one  who,  only  twenty-eight  years  ago,  found  the  college 
instruction  in  botany  confined  to  a  two-hour  course,  extending 
through  a  short  term  of  ten  wedcs,  the  present  tender  of  the 
department  seems  like  the  realization  of  an  impossible  dream. 

LuciEN  Marcus  Underwood 
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A  NEW  AND  CHEAP  FORM  OF  AUXANOMETER 

By  F.  E.  Lix)yd 

It  is  very  much  more  interesting  and  instructive,  in  elementary 
courses  in  botany,  lo  observe  periodicity  of  growth  in  plants  than 
merely  to  demonstrate,  by  means  of  a  lever,  what  every  one  knows 
already,  namely,  that  plants  grow.  It  is  sounder  pedagogically 
to  do  such  experiments  quantitatively,  since,  when  so  performed, 
they  mean  very  much  more  in  training.  It  is  for  this  reason 
that  attempts  have  been  made  to  construct  a  cheap  foi  m  of  aux- 
anometer  by  attaching  a  recording  cylinder  fo  the  minute-hand 
spindle  of  an  ordinary  clock.  It  is  obvious,  however,  that  the 
centering  of  a  cylinder,  and  its  vertical  adjustment  without  lateral 
movement,  are  by  no  means  easy  of  accomplishment.  A  cylinder 
is  very  likely  to  revolve  irregularly  unless  made  with  very  great 
care,  a  process  which  involves  turning  and  centering  on  a  lathe, 
and  skilful  mechanical  adjustment  to  the  clock.  I  have  to  con- 
fess to  failure  in  this  direction,  except  after  a  too  great  expendi- 
ture of  time  and  labor.  Happily,  however,  this  experience  has 
led  me  to  devise  a  very  cheap  and  accurate  mechanism  which 
accomplishes  the  end  desired,  and  this  at  a  very  small  cost  of 
money,  time  or  skill.  This  is  done  by  substituting  for  a  revolv- 
ing cylinder,  a  lever,  which  is  jogged  once  an  hour  by  an  arm 
moved  by  the  minute-spindle  of  a  seventy-five  cent  clock. 

As  will  be  seen  by  the  illustration,  the  lever  bearing  the  record 
is  fixed  on  a  horizontal  axis,  and  stands  vertically  upwards,  held 
against  a  block  by  means  of  a  thread,  reeved  through  a  wire 
pulley,  drawn  sufficiently  taut  by  means  of  an  attached  weight. 
This  weight  must  be  heavy  enough  to  draw  back  the  record 
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lever  to  the  block  when  it  has  been  displaced  from  the  vertical, 
say  from  0.5  to  1.5  cm.,  according  to  the  length  of  the  lever  and 
of  the  record.  The  arrangement  of  thread  and  weight  was  chosen 
because,  with  a  little  adjustment,  the  lever  may  thereby  be  pulled 
back  quietly  and  quickly  without  shock  or  vibration,  after  it  has 
been  moved  by  the  minute- spindle  arm.  To  set  up  such  an 
apparatus  one  may  proceed  as  follows :  Take  a  box,  a  wooden 
packing-  or  mailing-box  of  suitable  size,  say  approximately  a 
cube,  1 5-20  cm.  on  a  side,  fill  it  with  gravel  and  nail  it  up. 
This  makes  a  good,  solid  stand.  Its  solidity  is  enhanced  by 
gluing  on  the  under  side  as  feet,  three  bits  of  thin  cork.     Upon 


Fig.  I. 

the  top  of  this  stand  is  affixed  a  cheap  clock  from  which  the 
glass  face  has  been  removed.  Its  minute-hand  must  be  suitably 
bent  in  an  L,  or  in  its  place  an  L-shaped  arm  affixed  to  the 
spindle,  so  that  during  its  rotation,  it  will  move  against  a 
shoulder  or  pin  on  the  record  lever.  This  lever  is  a  wooden  arm 
on  an  axis  attached  to  the  side  of  the  stand  below  the  clock. 
A  little  care  must  be  given  to  adjusting  the  axis  —  a  wire  nail 
serves  very  well  —  so  as  to  avoid  any  lateral  shake.  The 
shoulder  or  pin  upon  which  the  minute-spindle  arm  plays  should 
be  arranged  so  that  the  record  lever  will  be  moved  but  a  little 
distance,  and  then  be  released.     It  will  then  be  drawn  quickly 
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back  to  its  vertical  resting  position  against  the  wooden  block. 
It  is  plain  that  the  recording  point  of  the  auxanometric  lever 
itself,  which  is  attached  to  a  growing  plant,  will  make  a  horizon- 
tal mark,  if  allowed  to  drag  across  a  sheet  fixed  to  the  lever 
arm,  or  exactly  speaking,  an  arc  of  a  large  circle.  Since  the 
end  of  the  lever,  attached  to  the  plant  is  constantly  falling  as 
the  plant  grows,  it  is  obvious  that  the  distance  between  these 
marks,  which  will  be  made  at  hourly  intervals,  will  show  a  record 
of  the  growth,  amplified  of  course,  in  the  ratio  of  the  lever  arms. 
The  chief  difficulty,  and  this  is  but  a  slight  one,  is  in  getting  the 
planes  of  the  two  levers  sufficiently  parallel,  so  that  the  record- 


FiG.  2.  Sketch  to  show  details  of  lever- mechanism,  a,  lever,  carrying  record  ; 
^1  wooden  block  ;  c,  thread,  to  which  is  attached  weight,  </,  and  which  moves  through 
bent  wire  pulley,  t ;  /,  pivot ;  ^,  shoulder  on  which  the  arm  attached  to  minute-hand 
spindle,  ^,  impinges  ;  if  the  latter  is  bent  once  more  at  right  angles,  the  shoulder,  ^, 
oeed  be  but  a  simple  pin.  The  arm.  A,  is  displaced  to  one  side  to  make  the  draw- 
ing dearer. 

ing  point  will  work  freely  and  at  the  same  time  not  swing  away 
from  the  surface  on  which  the  record. is  to  be  made.  When  this 
trifling  obstacle  has  been  overcome,  one  has  a  piece  of  apparatus 
which  will  give  a  beautifully  exact  and  clear  record  of  hour  in- 
tervals of  growth.  It  will  readily  be  seen  that  half-hour  inter- 
vals may  be  obtained  by  having  a  double  arm  or  by  placing  two 
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shoulders  or  pins  on  the  record  lever  in  the  proper  positions. 
Such  brief  intervals  are,  however,  hardly  useful  except  in  special 
cases. 

The  auxanometric   lever  should  work  easily  and   smoothly, 

■ and  truly  in  a  vertical  plane.     This  may  be 

^  accomplished  in  a  manner  devised  by  Pro- 
fessor Herbert  M.  Richards,  who  kindly 
allows  me  to  incorporate  the  idea  in  this 
paper.  A  U-shaped  piece  of  metal  is  cut 
out,  and  the  ends  of  the  legs  are  bent  to  a 
J-form.  These  serve  as  beds  for  pieces  of 
capillary,  or  very  heavy- walled  glass  tub- 
ing which  function  as  **  hole-jewels  "  for 
the  pivot  of  the  recording  lever.  This 
pivot  may  be  made  of  a  thinnish  needle, 
preferably  a  long  one.  Placing  the  **  hole 
jewels"  on  the  pivot,  they  are  bedded  into 
the  J-shaped  arms  by  means  of  shellac  or, 
better,  sealing-wax,  and  adjusted  so  as  to 
give  as  little  end-shake  to  the  lever  as  will 
allow  it  to  work  freely.  The  lever  and  its 
support  are  then  a  simple  piece  of  appa- 
ratus which  may  be  held  in  place  by  means 
of  a  clamp.  The  clamp  may  be  easily 
improvised,  a  gravel-filled  box  or  bottle 
serving  as  a  foot,  or  a  retort  stand  may  be 
used. 

The  recording  pen  is  very  satisfactory  if 
made  of  sheet  celluloid,  which  may  be  ap- 
propriately bent  so  as  to  scratch  lightly  on 
smoked  paper  or  mica,  attached  to  the 
lever  actuated  by  the  arm  on  the  clock. 
Mica  is  especially  good  because  it  does  not  warp  if  carefully 
smoked  and  may  be  used  in  making  sun-prints.  The  record 
reproduced  in  the  accompanying  figure  was  made  in  such  a  way. 
Some  pieces  of  bent  tin  serve  to  make  a  holder  for  the  recording 
surface  or  it  may  be  attached  simply  by  thumb  tacks. 


Fig.  3.  Record  of 
growth  of  Vicia  Faba 
seedling.  The  dots  op- 
posite the  marks  indicate 
six-hour  intervals,  begin- 
ning at  6  P.  M  ,  May  14, 
1903.  The  decrease  and 
irregularity  in  growth 
after  the  first  24  hours 
was  due  to  unfavorable 
conditions. 
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A  Summary  of  our  Present  Knowledge  of  the  Ferns  of  the  Philippines 

By  Lucikn  Marcus  Underwood 

Linnaeus  included  a  single  fern  from  the  Philippines  in  the 
first  edition  of  his  Species  Plantarum.  This  was  called  Adiantum 
Pkitippeiise  and  was  based  on  a  figure  of  Petiver,  who  seems  to  be 
the  sole  authority  for  the  source  of  the  fern.  Hooker  referred 
the  plant  with  some  hesitation  to  A.  caudatum,  which  appears  to 
be  a  common  species  in  the  islands.  The  early  European  travelers 
collected  a  few  ferns  in  the  Philippines,  some  of  which  were  de- 
scribed by  Cavanilles  early  in  the  last  century  ;  the  types  of  these 
species  are  presumably  at  Madrid.  Chamisso  included  the  Philip- 
pines in  his  travels  and  Kaulfuss  described  several  Philippine  ferns 
in  his  Enumeratio  (1824).  Presl  described  a  number  collected  by 
Thaddeus  Haenke  and  by  Nee  in  his  Reliquiae  Haenkeanae  (1830) 
and  others  still  from  the  same  collectors  in  Epimeliae  Botanicae 
(1849).  Gaudichaud  also  visited  Luzon  and  collected  a  few  spe- 
cies. It  was  not,  however,  until  1836-40  that  any  considerable 
collection  was  made  in  the  islands,  when  Hugh  Cuming,  an  English 
botanical  traveler,  visited  the  Philippines  and  brought  back  an  ex- 
tensive collection  of  ferns  which  were  studied  by  John  Smith,  of 
Kew  Gardens.  Smith  published  a  list  of  these  ferns  *  which  in- 
cluded 297  species,  of  which  he  estimated  that  100  were  new  to 
science.  He  gave  names  to  his  new  species  but  they  remained 
nomina  nuda  until  they  were  described  in  part  by  Hooker  in  Spe- 
cies Filicum  (1844-1866),  and  in  part  by  Presl  in  his  Hyrnenophyl- 
laceae  (1843)  and  in  his  Epimeliae  Botanicae  (1849)  ^^^  other 
works.  The  types  of  these  species  are  therefore  divided  between 
the  Royal  Herbarium  at  Kew  and  the  herbarium  of  the  Deutsches 
Botanisches  Institut  at  Prague.  The  most  complete  series  of  Cum- 
ing's collections  is  at  Kew,  but  extensive  duplicate  series  exist  in 
other  herbaria.  The  types  of  Haenke's  collections  are  at  Prague, 
where   Presl's  rich  fern  collection  exists,  unmounted,  just  as  its 

*  Smithy  John.  Enameratio  Filicum  Philippinanim.   Jour.  Bot.  3  :  392-422.    1841. 
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founder  left  it.  A  few  ferns  were  collected  by  Vidal  and  included 
in  his  Revision  (1886),  and  his  Catdlogo  (1892)  both  printed  at 
Manila,  but  these  works  contained  no  additions  to  the  fern  flora 
and  their  determinations  are  to  say  the  least  of  doubtful  value. 

More  important  were  the  collections  of  Professor  J.  B.  Steere, 
of  Michigan  University,  who  visited  the  islands  between  1870  and 
1875.  The  ferns  of  the  Steere  collection  were  worked  over  at 
Kew  by  M.  W.  Harrington,*  who  described  a  few  species  as  new 
and  made  numerous  additions  to  the  known  flora.  The  originals 
of  the  Steere  collection  are  at  Michigan  University  and  a  fair  series 
of  duplicates  is  at  Kew. 

A  still  more  important  collection  of  Philippine  ferns  was  made 
in  the  years  1890-97  by  A.  Loher,  a  Bavarian  traveler,  which 
was  almost  as  extensive  as  the  earlier  one  of  Cuming.  Dr.  H. 
Christ,t  of  Basel,  studied  Loher's  collection,  and  his  enumeration 
comprises  271  species,  including  many  additions  to  the  known 
flora  and  a  number  of  new  species. 

Finally  Herr  O.  Warburg,  who  has  for  years  made  a  special 
study  of  the  flora  of  the  monsoon  region,  traveled  in  Luzon  and 
the  southern  portion  of  Mindanao  and  made  extensive  collections. 
His  ferns  were  studied  by  Dr.  Christ  and  are  listed  in  the  first 
volume  of  Monstinia.X  where  Dr.  Warburg  has  also  given  an  ex- 
cnded  revision  of  the  species  of  Selaginella  of  the  entire  Indo- 
Pacific  region  from  Japan  to  Australia.  Many  species  were  thus 
added  to  the  Philippine  flora,  including  quite  a  number  of  new 
species,  especially  in  Selaginella. 

The  fern  flora  of  the  Philippines  as  known  to-day  embraces 
over  600  species,  and  it  may  be  said  that  collection  has  only  com- 
menced. It  is  probable  that  when  the  area  is  fully  explored  the 
extensive  archipelago  so  lately  come  into  our  possession  will  yield 
at  least  half  as  many  more  species.  In  order  to  furnish  our 
botanical  residents  and  travelers  in  the  Philippines  a  means  of  un- 

*  Harrington,  M.  W.  The  Tropical  Ferns  collected  by  Professor  Steere  in  the 
years  1870-75.     Jour.  Linn.  Soc.  x6  :  25-37.     1877. 

f  Christ,  H.  Filices  Insularum  Philippinarum.  Bull.  Herb.  Boiss.  6 :  127-154, 
1 89-2 1 1.//.  2-4.     1898. 

J  Warburg,  O.  Monsunia,  Vol.  I,  1900.  Filicinae,  by  H.  Christ,  pp.  54-94. 
//.  2  :  Rhizocarpaceae,  Equisetaceae,  Lycopodiaceae  and  Selaginellaceae,  by  O.  War- 
burg, pp.  95-136.//.  J,  4- 
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derstanding  the  relations  of  the  fern  flora  of  these  islands,  at  least 
generically,  we  have  prepared  the  following  synopses  of  the  genera 
known  to  exist  in  the  islands,  which  include  many  forms  widely 
different  either  from  our  own  temperate  ferns,  or  even  from  the 
fems  of  the  American  tropics.     The  generic  sequence  here  adopted 
will  be  found  to  differ  widely  from  the  treatment  given  in  Hooker 
and  Baker's  Synopsis  Filicum  (1874),  which  unfortunately  remains 
the  only  hand  manual  of  the  ferns  of  all  lands  and  whose  treat- 
ment of  genera  is  as  irrational  as  its  recognition  of  specific  dis- 
tinctions is  defective,  generalized  and  indefinite.     The  system  here 
adopted  will  accord  more  nearly  with  the  treatment  by  Dr.  Diels 
in  Die  nat'urlichin  Pflanzenfamilien,  which  in  the  main  is  admir- 
able, suffering  lapses  to  the  older  system  mainly  in  its  treatment 
of  the  Cyatheaceae  and  the  genera  included  xxnAev  Polypodiunt  and 
^iphrodium.     In  the  Hymenophyllaceae  we  have  followed  in  part 
tne  admirable  treatment  of  Presl  *  which,  in  the  main,  was  taken 
up  by  Van  den  Bosch,  the  only  other  monographer  who  has  made 
a  special  study  of  the  group,  and  which  has  been  as  systematically 
"^glected  by  Hooker  and  Baker  and  by  Sadebeck,  who  prepared 
this  family  for  Die  naturlichen  Pflanzenfamilien.     For  convenience, 
references  are  here  made  to  the  Synopsis  Filicum  and  Die  nat'ur- 
^hen  Pflafizenfamilien,  where  the  treatment  differs  from  either  of 
the  Works  named. 

While  the  fern  flora  of  the  Philippines  is  only  partially  known, 

'  '^  probable  that  there  will   be  very  few  additions  to  the  genera 

^  ^he   result  of  further  exploration.     With  the  exception  of  the 

^tales — usually  the  last  pteridophytes  to  be  collected  in  any 

^^n  —  all  the  orders  are  represented  in  the  Philippine  flora  and 

^'^e  the  Filicales  all  the  families  except  the  rare  and  unique  Ma- 

'^ceae ;  from  the  known  distribution  of  the  two  diverse  species 

^^is  family  it  is  not  improbable  that  it  will   ultimately  find  a 

P^'esentative  in  our  domain.     Since  the  present  synopsis  is  in- 

^^cl  chiefly  to  aid  in  distinguishing  generically  the  ferns  that 

,  ^  ^  collected  in  the  islands,  suggestions  are  given  here  and 

''^    relative  to  special  points  to  be  noted  in  the  field,  since  in 

^y^  genera  certain  portions  of  the  plant  show  more  important 

r*rcsl,    C.    B.     Hymenophyllaceae.      Eine    botanische    Abhandlung.    1-70.  //. 


^-r 


^. 


Prag,  1843. 
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diagnostic  characters  than  others  and  need  to  be  specially  noted  in 
the  field,  particularly  in  plants  too  large  to  be  collected  entire.  A 
few  general  features  should  always  be  noted  and  these  are  here 
summarized : 

1 .  In  all  ferns  not  over  two  feet  high  an  entire  plant  should  be 
secured,  but  in  plants  growing  in  dense  crowns  the  rootstock  may 
well  be  split  lengthwise  and  several  of  the  leaves  removed  before 
drying. 

2.  In  all  ferns  not  over  four  feet  high  an  entire  leaf  should  be 
secured  if  possible  attached  to  the  rootstock  or  to  some  portion  ot 
it.  In  case  of  very  wide  leaves  the  lower  pinnae  on  one  side  may 
be  cut  away  to  prevent  the  too  great  massing  of  foliage  when  the 
leaf  is  doubled  on  itself  to  make  a  manageable  specimen. 

3.  In  tree-ferns  the  basal  portion  of  the  petiole  should  always 
be  secured,  if  possible,  attached  to  the  lower  pinnules.  Where 
possible  the  top  of  the  caudex  should  also  be  taken.  Notes  on 
the  character  of  the  leaf-scars  should  always  be  made. 

4.  If  the  specimen  taken  does  not  show  whether  the  leaves 
are  scattered  or  cespitose  this  fact  should  always  be  included  in  the 
notes. 

5.  In  ferns  of  whatever  size,  invariably  secure  some  portion  of 
the  rootstock,  for  it  nearly  always  possesses  diagnostic  characters. 

6.  In  large  leaves  note  whether  the  lowermost  pinnae  are  larger 
than  the  others  or  are  reduced  in  size  and  if  their  laminae  stand 
in  the  same  plane  as  the  rest  of  the  leaf  or  are  set  obliquely. 

Had  the  earlier  collectors  followed  such  directions  instead  of 
taking  mere  tips  of  large  leaves,  or  single  leaves  of  smaller  fenis 
wholly  without  rootstocks,  we  would  now  be  saved  the  uncertainty 
of  identifying  plants  with  descriptions  based  on  such  scrappy  ma- 
terials. 

The  six  orders  represented  in  the  Philippines  may  be  distin- 
guished as  follows  : 

I.   Plants  of  fern -like  habit,  mostly  with  broad  leaves.  2. 

Plants  of  rush-like  habit ;  foliage  reduced  to  whorls  of  united  scales  forming  sheaths 

at  the  joints  of  the  stems ;  sporangia  borne  under  peltate  shields  collected  in  a 

terminal  cone  V.  £qaisetales. 

Plants  of  moss  like  habit,  with  4-10-ranked  scale-like  or  linear  leaves,  terrestrial  or 

epiphytic  ;  sporangia  borne  in  the  axils  of  ordinary  or  modified  leaves. 

VI.  LTCopodiales. 
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2.  Hooiosporous  (spores  uniibrm)  ;  all  terrestrial  or  epiphytic  except  Ctratopteri: .     3. 
Heterosporous  (producing  minute  microspores  and  larger  macrospores)  ;  aquatic, 

rooted  or  floating  ;  sporangia  borne  in  ovoid  or  spherical  conceptacles  (sporocarps) . 

IV.  SaMniales. 

3.  Sporangia  on  the  under  surface  of  the  leaf,  borne  in  boat-shaped  or  circular  concep- 

tacles (jj  if  <x»^ra)  ;  eusporangiate  ;  vernation  circinate.  II.  Marattiales. 

Sporangia  borne  in  sori  directly  on  the  veins  or  exceptionally  in  spikes  or  panicles.   4. 

4.  Vernation  erect  or  inclined ;  eusporangiate,  the  sporangia  ringless,  leathery,  open- 

ing by  a  transverse  slit,  arranged  in  spikes  or  panicles.  I.  Ophioglossales. 

Vernation  circinate  ;  leptosporangiate,  the  sporangia  membranous,  usually  provided 

with  a  ring  -which  opens  elastically.  III.  FiUcales. 

I.     OPHIOGLOSSALES 
The  fleshy  plants  of  this  order  making  up  the  single  family 
Ophioglossaceae  are  arranged  in  four  genera. 

1.  Terrestrial  plants.  2. 
Epiphytic,  pendent  from  trees ;  leaf  strap- like,  bearing  a  spike  near  the  middle. 

Ophioderma. 

2.  Sporangia  in  two-ranked  spikes ;  leaves  simple ;  veins  anastomosing. 

Ophioglossum. 
Sporangia  in  panicles ;  leaves  compound ;  veins  free.  3. 

3.  Panicles  lax,  the  sporangia  2-ranked.  Botrychium. 
Panicles  close,  spike-like ;  the  sporangia  clustered  and  crested. 

Helminthostachys. 

The  members  of  this  family  are  mostly  small  plants  and  the 
species  of  Ophioglossum  especially  would  be  likely  to  be  over- 
looked. Four  species  of  Ophioglossum  are  already  known  and  the 
other  genera  are  each  represented  in  the  islands  by  a  single  spe- 
cies. Ophioderma  has  leaves  a  yard  or  more  long  ;  it  is  often 
united  to  Ophioglossum,  but  in  both  habit  and  structure  it  is  abun- 
dantly distinct. 

II.    marattiai.es 

The  members  of  the  tropical  family  Marattiaceae  are  mostly 
large  fleshy  plants  with  stout  stems  rising  from  ponderous  corm- 
like  trunks.     There  are  three  genera  known  from  the  Philippines : 

1.  Leaves  temate  or  palmate ;  synangia  circular,  depressed  in  the  center.  Kaulfussia. 
Leaves  pinnately  compound ;  synangia  oval  or  boat-shaped.  2. 

2.  Capsules  concrete  in  boat-shaped  synangia.  Marattia. 
Capsules  close  but  not  concrete,  collected  in  oval  sori.                         Angiopteris. 

Kaulfussia  is  represented  by  a  single  small  species  with  leaves 
resembling  those  of  the  horse-chestnut.     Marattia  has  two  with 
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bipinnate  or  tripinnate  leaves  eight  to  fifteen  feet  long,  while  An^i- 
opteris  has  four  nominal  species  *  nearly  as  large. 

III.     FILICALES 

The  ferns  proper  with  circinate  vernation  belonging  to  the  lepto- 
sporangiate  series  are  represented  in  the  Philippines  by  several 
families  distinguished  as  follows  : 

1.  Sporangia  opening  longitudinally,  paniculate   (or  in  Lygodium  borne  singly  and 

covered  by  scales  on  narrow  projections  from  the  leaves).  2. 

Sporangia  sessile,  borne  on  a  special  marginal  thread-like  receptacle,  surrounded  b)r 

a  cup-shaped  or  bivalved  involucre ;  texture  translucent.  7.  Hymenophyliaceae, 
Sporangia  dorsal  or  marginal,  attached  directly  to  the  lamina,  usually  collected  in 

definite  son.  3. 

2.  Sporangia  nearly  globose  with  a  rudimentary  ring.  i.  Osmundaceak. 
Sporangia  pyriform  with  an  apical  ring.                                           3.   Schizaeackae. 

3.  Aquatic ;  leaves  dimorphous ;  sporangial  ring  broad  or  rudimentary. 

2.  Ceratoptkridaceaf- 
Terrestrial  or  epiphytic ;  sporangial  ring  complete,  vertical.  4. 

4.  Sporangia  sessile,  wedge-shaped,  radially  arranged  ;  stems  simple  or  (in  all  Philip- 

pine species)  pseudo-dichotomous.  4.  Gleichp:niace\e. 

Sporangia  sessile  or  short-stalked  in  rounded  sori ;  usually  arborescent. 

5.  Cyathkaceae. 

Sporangia  usually  long-stalked  ;  herbaceous,  rarely  with  an  arborescent  caudex. 

6.    POLYPODIACEAE. 

To  the  above  families  belong  the  largest  number  of  the  ferns 
not  only  of  the  Philippines  but  of  the  entire  world.  While  the 
greater  part  of  the  Philippine  ferns  bear  a  general  resemblance  to 
those  of  temperate  regions  there  are  many  curious  forms  particularly 
among  the  epiphytic  species  that  are  quite  unique  and  widely  dif- 
ferent from  our  ordinary  conception  of  a  fern.  The  two  families 
Gleicheniaceae  and  the  tree-ferns  (Cyatheaceae)  are  not  represented 
in  temperate  America  at  all,  and  the  filmies  (Hymenophyllaceae), 
rare  with  us,  are  abundantly  represented  in  the  Philippines  as  in  all 
tropical  regions. 

Family   i.    Osmundaceae 

This  family  is  represented  in  the  Philippines  by  a  single  species 
of  Osmunda,  though  it  is  quite  possible  that  others  may  be  found. 

*  Synopsis  Filicum  reduces  all  the  forms  of  Angiopteris  to  a  single  species,  but 
IVesl  defined  ten,  and  DeVries  and  Harting  who  monographed  the  family  in  1853 
recognized  sixty  !  From  the  fleshy  nature  of  the  plants  it  is  a  genus  that  requires  field 
study,  and  description  or  even  identiflcation  from  herbarium  material  is  necessarilv 
defective. 
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Family  2.    Cefatopteridaceae 
The  aquatic  Ceratoptcris,  apparently  a  tropical   cosmopolite,  is 
the  only  known  representative  of  this  family. 

Family  3.    Schizaeaceae 

Four  genera  of  this  family  have  been  found  in  the  archipelago  ; 
they  may  be  distinguished  as  follows  : 

1.  Sporangia  solitary,  covered  by  scales,  arranged  on  marginal  teeth  of  the  leaves ; 

leaves  pinnate  ;  stems  twining.  LvGODlUM. 

Sporangia  in  distichous  spikes ;  plants  small,  erect.  2. 

2.  leaves  narrow,  simple,  grass-like.  3. 
Leaves  broader,  flabellately  forked.  Lophidium. 

3.  Spikes  in  a  penicillate  tuft.  Actinostachys. 
Spikes  in  a  pinnate  cluster.  Schizaea. 

The  last  three  genera,  which  have  usually  been  united  under 
ScJuzaea*  are  inconspicuous  plants  represented  in  the  Philippines 
by  one  species  each.  Lygodium  is  represented  by  six  species 
which  are  conspicuous  climbing  ferns  very  unlike  their  single  dimin- 
utive representative  in  our  Eastern  States. 

Family  4.  Gleicheniaceae 
This  family  is  well  represented  in  the  Philippines  by  eleven 
species  of  Dicranopteris  ;  f  while  this  number  is  nominal  it  is  likely 
not  to  be  excessive,  judging  from  the  diversity  of  species  in  other 
tropical  regions.  The  species  are  wide- spreading,  often  forming 
tangled  thickets,  and  are  easily  recognized  by  the  pseudo-dichot- 
oraous  branching.  They  are  very  difficult  to  prepare  for  the  her- 
barium and  the  greatest  care  should  be  taken  to  secure  represen- 
tative material,  since  the  apical  portions  of  a  branch  may  be  quite 
unlike  the  lower  part  of  the  same  plant.  By  all  means  the  lowest 
forking  should  be  included  in  the  specimen. 

*In  case  the  members  of  this  alliance  are  grouped  as  a  single  genus  it  must  bear 
the  name  Lophidium^  the  oldest  available  name  for  a  member  of  this  group.  The  three 
genera,  however,  are  very  homogeneous  groups  and  may  best  be  treated  as  above. 

t  The  {  Mertensia  of  Synopsis  Filicum  has  been  thought  by  many,  commencing 
with  Willdenow,  to  be  worthy  of  generic  rank,  and  has  often  been  kept  distinct  from  the 
typical  Australasian  species  of  Gleicheftia.  The  name  Mettensiay  however,  is  not 
available  since  there  is  an  earlier  Mertensia  in  the  Borraginaceae.  Dicranopteris 
Bcmh.  is  available  for  this  group  and  was  proposed  for  what  has  usually  been  known  as 
Glei(henia  dichotoma  (Poiypodium  dichoiomumTh\xah.).  Mecosorus  Hassk.  was  a 
later  name  proposed  by  its  author  because  of  the  preoccupation  of  MerUnsia. 
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Family  5.  Cyatheaceae 
The  tree-ferns  of  the  Philippines  do  not  appear  to  have  been 
adequately  collected,  but  the  same  is  true  of  the  feimily  everywhere. 
They  are  not  a  suitable  subject  for  ordinary  herbarium  study  and 
should  be  specially  prepared  as  already  noted  above.  The  char- 
acteristic armature  or  vestiture  of  the  leafstalks  should  always  be 
secured  and  if  possible  a  section  of  the  caudex.  The  genera 
represented  in  the  Philippines  are  as  follows  : 

1.  Sori  marginal ;  indusiuro  coriaceous,  2-valved  ;  herbaceous  species.  Cikothm. 
Son  dorsal ;  tree-ferns.  2. 

2.  Indusium  inferior,  cup- shaped.  Cyathka. 
Indusium  inferior,  half  cup-shaped.  Hemitema. 
Indusium  wanting.  Ai^<)PHii.\. 

Cibotium  is  represented  by  C.  Baromets*  often  cultivated  in 

American  conservatories,  and  is  not  a  tree-fern.     The  other  genera 

form  the  genuine  tree-ferns  and  include  thirteen  known  species, 

four  in  Cyathea,  eight  in  Alsophila  and  a  single  Hemitelia. 

Family  6.    Polypodiaceae 
The  true  ferns  are  the  most  abundant  of  any  family  and  form 
three  fourths  of   the  fern    flora  of   the  islands,   which    is   their 
usual  proportion.     The  number  of  genera  is  so  large  that  we  can 
best  distinguish  them  in  their  tribal  relations  separately : 

1.  Sporangia  scattered  over  the  under  surface  of  the  leaf-blade  in  a  uniform  layer. f  2. 
Sporangia  dorsal  or  marginal,  accumulated  in  definite  sori.  3. 

2.  I^eaves  of  two  sorts ;  a  shield-like  basal  leaf  attached  to  the  surface  of  the  sub- 

stratum and  a  furcate  spreading  one  with  localized  sporangial  surfaces. 

I.   AUicornieaet 
Leaves  approximately  uniform  ;  sporangia  covering  entire  leaves  or  pinnae. 

2.   Acrostiiheac. 

3.  Sori  marginal,  continuous  or  interrupted,  covered  by  a  more  or  less  modified  portion 

of  the  leaf-margin.  %  3.   Pterideaf. 

Sori  dorsal,  or  at  most  submarginal,  with  or  without  indusia.  4- 

*  Included  under  Dieksonia  in  Synopsis  Filicum. 

f  Certain  Dryopterideae  with  confluent  sori  may  be  sought  here.  C/.  Polybotrydy 
Anapausiay  EgenolfiOy  etc.  Their  habit  is  distinctively  aspidioid,  and  lacks  ihe 
jointed  leaf-stalks  of  the  Acrosticheae. 

J  We  propose  this  tribal  name  for  the  **  stag-horn  ferns,''  believing  their  unique 
habit  should  separate  them  from  the  Acrosticheae  with  which  they  have  usually  been 
associated.  The  name  comes  from  Alcicomium  Gaud.  (1826),  which  is  an  older 
name  than  Platyctrium, 

\  The  indusium  is  wanting  in  Notholaena. 
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4.  Son  elongate-linear.  5. 
Son  round  or  oval.  7. 

5.  Son  sunken  in  grooves.  3.    Vittarieae. 
Son  superficial.  6. 

6.  Indusium  normally  present  (wanting  in  Coniogramme  and  Hemionitis). 

6.   Aspienif,  e. 
Indusium  wanting.  Certain  anomalous  Polypodieae. 

7.  Leaves  and   primary  venation  fan-shaped  ;  secondary  venation  anastomosing ;  in- 

dusium wanting.  7.   Dipteridtae.* 

Leaves  and  venation  normally  pinnate.  8. 

8.  Indusium  superior  or  wanting.  9. 
Indusium  inferior,  rupturing  above  the  sorus.                                       10.    Woodsieae. 

Indusium  attached  internally,  opening  toward  the  leaf-margin  (wanting  in  Mona- 
chosorMmi).  II.  Davallieae. 

9.  I^eafstalks  jointed  at  their  attachment  with  the  rootstock,  leaving  definite  scars 

when  they  separate.  10. 

I^eafstalks  continuous  with  the  rootstock  ;  sori  dorsal  or  terminal  on  the  veins, 

normally  indusi ate.  8.  DryopUrideae.^ 

10.   Indusium  wanting ;  sori  dorsal  or  terminal.  4.   Polypodieae. 

Indusium  present;  sori  near  the  base  of  the  veins.  9.    OUandr.ae. 

Tribe  i.  Alcicornieae 

This  tribe  is  represented  in  the  islands  by  two  species  of  stag- 
hom  fern  {A/dcorntum),  chardLCterized  by  the  cordate  basal  sterile 
leaves,  and  the  single  species  of  Cheiropleuria,  with  linear  sporo- 
phyls  and  two-lobed  foliage.     Both  are  epiphytic  ferns. 

Tribe  2.    Acrosticheae 

About  five  species  of  Elaphoglossum  with  simple  free-veined 
leaves,  and  a  single  species  of  Acrostichum  with  pinnate  leaves  and 
anastomosing  veins  make  up  the  known  representation  of  this  tribe 
in  the  Philippines.  The  dense  masses  of  sporangia  spread  in  a 
uniform   layer  over  the  leaves  form  a  character  easily  recognized. 


*  Dipteris  in  Synopsis  FiUcum  was  placed  in  the  genus  Polypodiuniy  with  which  it 
has  DO  near  alliance,  and  in  Die  naturlichen  PJlanzenfamilien  it  is  placed  in  the  As- 
pidieae,  in  which  it  finds  an  equally  insecure  resting  place.  It  is  a  unique  fern  without 
near  relations  and  we  place  it  in  a  distinct  tribe. 

t  Since  Aspidium  as  a  generic  name  must  be  retired  to  the  oblivion  of  .synonymy, 
it  is  desirable  that  we  have  a  tribal  name  which  is  derived  from  a  typical  or  character- 
istic genus  contained  in  it.  We  therefore  substitute  Dryopterideae  for  Aspidieaehereto- 
fbre  in  use. 
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Tribe  j.     Vittarieae 
The  three  Phihppine  genera  of  this  tribe  may  be  characterized 
as  follows  : 

1.  Leaves  narrow,  grass-like  ;  sporangia  in  one  or  more  continuous  lines.  2. 
I  ^aves  broader  ;  sporangia  in  broken  lines  often  following  the  anastomosing  of  the 

veins.  ANTRorHYUM. 

2.  Sporangial  line  medial,  single.  Monogram  ma. 
Sporangial  lines  double,  marginal  or  submarginal.  Vittaria. 

Eight  nominal  species  of  Aritrophyum,  six  of  Vittaria  and  one 
Monogramma  have  been  reported  from  the  Philippines.  All  are 
epiphytic  in  habit. 

Tribe  4.    Polypodieae 

Two  distinct  series  are  represented  in  this  tribe  which  normally 
includes  the  species  lacking  an  indusium.  In  one  series  the  sori 
are  linear,  in  the  other  they  are  normally  round  ranging  to  oval. 
The  genera  may  be  distinguished  as  follows  : 

1.  Sori  linear,  parallel  to  the  midrib  or  margin.  2. 
Sori  linear,  oblique  to  the  midrib ;  veins  anastomosing.  Selliguea. 
Sori  round  or  oval.  5. 

2.  Leaves  simple.  3. 
leaves  pinnate.  4. 

3.  Leaves  dimorphous,  the  sporophyls  narrow.  Drymoglossum. 
leaves  uniform,  the  apex  contracted  and  bearing  the  sporangia.  Bei.visia.* 

4.  Sori  median,  between  midrib  and  margin.  Taenitis. 
Sori  finally  covering  the  entire  under  surface.  Platytaenia. 

5.  Under  surface  of  leaf  densely  covered  with  stellate  hairs.  Cyci.ophorus.  f 
Under  surface  smooth  or  barely  scaly.  6. 

6.  Veins  free.  Poi.ypv-dium. 
Veins  anastomosing.  7. 

7.  Basal  leaves  unlike  the  sporophyls,  forming  a  nest-like  cluster  at  the  base  of  the 

plant.  Drynaria. 

Leaves  normally  uniform.  8. 

8.  Sori  dorsal,  confined  to  the  veins.  10. 
Sori  dorsal,  extending  to  the  parenchyma.  9. 
Sori  terminal  on  the  veins  and  marginal  on  the  leaf;  sporophyls  contracted;  root- 
stocks  much  swollen.  Lecanopteris. 

9.  Leaves  pinnate.  Photinopteris. 
I>eaves  pinnatifid  with  decurrent  segments.                                      Dryostachyum. 


*  Belvisia  Mirbel,  antedates  IJymenoUpis  Kaulf.  adopted  in  Die  natUrlichen 
PJlanzenfamilien  for  this  genus. 

t  Cyclophorus  Desv,  was  perfectly  well  characterized  and  typified,  and  there  is  no 
excuse  for  using  the  later  Niphobolus  Kaulf. 
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10.  Areolae  regular,  with  a  single  free  included  veinlet  which  is  directed  outward. 

GONIOPHLEBIUM.* 

Areolae  small,  irregular,  with  free  vcinlets  spreading  in  various  directions. 

Phymatopes.* 

Seiiiguea,  joined  with  Gymnogranimc  in  Synopsis  Filicum,  and 
united  with  Polypodiuni  in  Die  nati'irlichen  Pfianzenfamilien,  is  rep- 
resented by  eight  species.  Drymoglossiim,  Dryostachyum,  Taenitis 
and  Platytaenia  have  each  a  single  representative  in  the  Philippine 
flora,  the  last  two  in  fact  being  monotypic  genera. 

Bchisia,  included  under  Acrostichum  in  Synopsis  Filicum,  has 
t^^•o  representatives.  The  remaining  genera  recognized  above  form 
a  part  of  the  unnatural  genus  Polypodiuni,  as  recognized  in  Synopsis 
Filiciun,  Lecanoptcris  and  Pliotinopteris  are  represented  each  by  a 
single  species  ;  Cyclop/tor  us  has  sixteen  nominal  species,  though  not 
all  reported  have  been  taken  up  by  Giesenhagen  in  his  admirable 
monograph  of  the  genus.  This,  however,  is  not  an  exhaustive  treat- 
ment from  a  strictly  taxonomic  standpoint,  containing  some  new 
things  not  properly  correlated  with  that  which  is  old.  Drynaria 
similarly  has  ten  nominal  species,  but  the  genus  has  never  had  a 
careful  revision  and  all  the  species  require  very  careful  study  afield. 
GoniopJdebium  has  four  species  including  the  peculiar  simple-leaved 
Polypodiuni  nunwiularium  on  which  Presl  based  his  genus  Cryp^ 
sinus  perhaps  with  good  reason.  Polypodium  and  Phymatodes 
have  the  largest  representation  in  the  islands,  the  former  with  nine- 
teen nominal  species  and  the  latter  with  thirty-eight.  It  is  prob- 
able that  both  these  genera  will  receive  extensive  additions,  partic- 
ularly among  the  smaller  epiphytic  species  that  from  their  habitat 
longer  evade  detection.  Such  at  least  has  been  the  experience  in 
other  tropical  regions.  Taken  as  a  whole  this  tribe  is  one  of  the 
largest  as  well  as  one  of  the  most  characteristic  groups  of  the 

Philippine  fern  flora. 

Tribe  j.    Pterideae 

Maidenhair  ferns  are  apparently  less  common  in  the  Philippines 
than  in  most  tropical  regions  and  the  entire  tribe  to  which  they 
belong  with  the  exception  of  a  single  genus  has  a  comparatively 

*The  above  sjrnopsis  follows  exactly  the  lines  noted  in  Die  naturlichen  Pflanzen- 
familUn^  except  that  Coniophlebium  and  Phymatodes  are  there  included  under  Poly- 
podium^ where  in  our  judgment  less  attention  has  been  given  to  venation  than  elsewhere 
in  the  work. 
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slight  representation  in  the  island  flora.'     The  several  genera  may 
be  distinguished  as  follows : 

1.  Sporangia  attached  to  the  under  surface  of  marginal  lobes;  leafstalks  black  and 

shining.  Adiantim. 

Sporangia  rising  from  a  marginal  vein-like  receptacle.  2. 
Sporangia  rising  from  the  endsof  unconnected  veins ;  sori  continuousor  interrupted.  5. 

2.  Indnsium  double,  the  inner  membranous,  extrorse.  3. 
Inditsiom  tingle.  4. 

3.  Leafstalks  with  several  Bbrovascular  bundles.  Pfkridium. 
Leafstalks  with  a  single  semicircular  fibrovascular  bundle.  Paesia. 

4.  Spores  sphaero-tetrahedral.  Pteris.* 
Spores  bilateral ;  leaves  glaucous  with  auricled  pinnae.  Histiopteris. 

5.  Leaves  uniform.  6. 
Leaves  dimorphous.  8. 

6.  I ndosium  continuous ;  stems  black,  polished.  Dorvofteris. 
Indusium  interrupted.  7. 
Indusium  wanting.  Notholaena. 

7.  Sori  distant  in  sinuses  of  leaf.  Hypolkims. 
Sori  crowded,  more  or  less  confluent.  Cheilanthks. 

8.  I^eaves  simply  pinnate.  Plagio<;yria. 
Leaves  decompound.  Onychii  m.  t 

Of  the  above  genera  Paesia  and  HisHopkris  are  each  repre- 
sented by  a  single  Philippine  species,  Onychium,  Pteridium,  Don- 
opteris,  Hy pole  pis,  and  Notholaena  by  two  each,  and  Cheilanthes 
and  Plagiogyria  by  three  each.  Adiantum  has  six  representatives, 
of  which  one  and  possibly  two  are  introduced  species,  while  over 
twenty  species  of  Pteris  have  been  reported.  The  latter  genus, 
and  particularly  its  larger  species,  require  careful  field  study ;  the 
peculiar  tripartite  branching  of  the  larger  species  should  be  spe- 
cially noted. 

Tribe  6.    Asplenieae 

Next  to  the  Polypodieae  this  tribe  forms  the  most  extensive 
portion  of  the  Philippine  fern  flora ;  the  thirteen  genera  repre- 
sented may  be  distinguished  as  follows  : 

I.   Sori  parallel  to  the  midribs.  2. 

Sori  oblique  to  the  midribs.  5. 

♦  We  have  taken  up  Pieris  as  treated  by  Diels,  /.  c. ,  including  species  with  both 
free  and  anastomosing  veins.  These  have  been  separated  by  Presl  and  others,  and 
further  study  will  doubtless  prove  that  they  were  correct. 

t  Diels  following  Prantl  unites  this  with  Cryptogrcnnma,  for  which  we  can  see  no 
valid  reason. 
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2.  Indnsiuin  wanting ;  plants  cUmbiog  ;  leaves  dimorphous.  Stenochlarna. 
Indusium  present ;  plants  mostly  terrestrial.  3. 

3.  Leaves  uniform.  4. 
Leaves,  dimorphous  ;  son  intramarginal ;  caudex  sometimes  arborescent. 

Stigania.* 

4.  Veins  anastomosing  between  the  son  and  the  margin.  Woodwardia. 
Veins  free  between  the  son  and  the  margin.  Blechnum. 

5.  Indusium  wanting.  6. 
Indusium  present.  8. 

6.  Veins  free.  7.* 
Veins  anastomosing.  HKMiONiTis.f 

7.  Son  forked,  with  the  forking  of  the  veins.  Coniogramme.  X 
Son  simple,  linear.  Syngramma.}; 

8.  Veins  free.  9. 
Veins  anastomosing.  10. 

9.  Sori  confined  to  one  side  of  a  vein,  linear  or  slightly  curved.  Aspulnium.^ 
Son  curved  or  horseshoe-shaped,  crossing  to  both  sides  of  the  veins. 

Athyrium.I 
Sori  double,  the  indusia  opening  on  both  sides  of  some  of  the  veins. 

DiPLAZIUM 

Sori  rising  from  a  special  receptacle  midway  between  veins ;  indusia  attached  to 
the  veins,  opening  toward  each  other.  Trifhlebia. 

10.  Veins  connected  only  at  their  apices  ;  leaves  simple,  densely  clustered. 

Thamnopteri.s.  II 
Veins  forming  regular  areolae.  Callipteris.1[ 

Woodwardia,  Hemionitis  and  Coniogramme  are  each  repre- 
sented in  the  Philippines  by  a  single  species,  Triphlebia  and  Syn- 

*  £>iels  unites  this  with  Blechnum,  although  under  the  name  Lomatin  the  genus  is 
held  at  distinct  even  in  Synopsis  Filicum.  The  name  Strut hiopteris  must  hold  for  the 
European  and  North  American  representative  of  the  genus  {S.  Spicant)  and  Lomaria 
had  for  its  type  a  member  of  another  genus,  so  must  be  replaced  by  Stegania  R.  Br.,  if 
generic  distinctness  from  the  North  Temperate  representatives  is  maintained. 

t  Hemionitis  is  associated  in  Die  natHrlichen  P/lanzenfamilien  with  the  Pterideae, 
with  which  it  appears  to  have  no  near  relationship ;  it  must  either  form  a  tribe  by  itself 
or  be  associated  here  with  its  nearest  but  not  very  close  allies. 

X  Coniogramme  and  Syngramma  form  a  part  of  the  heterogeneous  Gymnogramtne 
of  Synopsis  Filicum  ;  Diels  associated  them  with  the  Pterideae,  for  which  we  can  see 
no  warrant. 

{  It  is  still  an  open  question  as  to  what  we  shall  consider  the  generic  types  of  these 
two  genera ;  they  are  adopted  here  tentatively  in  their  usually  accepted  sense. 

I  The  "  bird's  nest  fern  '* ;  united  with  Asplenium  by  both  Diels  and  Baker. 

^  The  earlier  name  for  Anisogonium  Ptesl.  Diels  unites  it  with  the  free-veined 
Diplcnhem  and  both  are  joined  as  sections  of  Asplenium  in  Synopsis  Filicum,  Allan- 
t9dia  of  Synopsis  Filicum  is  also  reported  from  the  Philippines,  but  the  name  cannot 
hold  for  the  species  to  which  it  is  assigned  and  the  genus  is  not  clearly  distinguished 
from  Callipteris. 
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gramma  by  two  each,  StenoclUaena,  Thamnopteris  and  Athyrium  by 
four  each,  Stegania  by  five,  and  Blechnum  by  six  ;  the  larger  genera 
are  Callipteris  with  twelve  species,  Diplazium  with  twenty-one,  and 
Asplenium  with  thirty-three.  These  numbers,  however,  represent 
nominal  species  and  yet  are  not  likely  to  be  much  reduced,  and 
will  be  varied  only  by  future  discoveries. 

Tribe  7.    Dipterideae 
This  tribe  is  represented  only  by  a  single  species  of  the  curious 
fan-shaped  Dipteris,  perhaps  one  of  the  most  unique  among  the 
ferns  of  the  islands.     Its  leaves  are  often  two  or  three  feet  broad. 

Tribe  8.    Dryopterideae 
Related  to  our  wood-ferns  are  a  large  number  of  species  in  all 
tropical  regions  and  the  Philippines  come  in  for  their  share.     The 
sixteen  genera  are  distinguished  as  follows : 

1.  Veins  norroally  free,  simple,  forked,  or  pinnately  branched.  2. 
Veins  connivent,  i.  ^.,  the  branches  from  contiguous  pinnate  groups  uniting  to  form 

one  or  more  arches.  4. 

Veins  copiously  anastomosing.  6. 

2.  leaves  dimorphous ;  sori  extending  from  the  veins  to  the  parenchyma  so  as  to 

appear  continuous.  1 1. 

Leaves  uniform  or  nearly  so.  3. 

3.  Indusium  wanting;  margins  of  segments  plane.  Phegopteris. 
Indusium  circular,  peltate.  8. 
Indusium  oval,  attached  by  a  central  axis  to  a  thickened  linear  receptacle. 

Didymcx:hlaena. 
Indusium  cordate- reniform,  attached  by  the  sinus  ;  veins  distinct.       Dryopteris. 

4.  Indusium  wanting.  5. 
Indusium  cordato-reniform,  attached  by  the  sinus.  Cyclosorus. 

5.  Sori  round,  punctiform.  Goniofferis. 
Sori  elongate  on  the  more  or  less  parallel  transverse  arches.  Meniscium. 

6.  Indusium  wanting.  7. 
Indusium  cordato-reniform,  attached  by  the  sinus.  9. 
Indusium  orbicular,  centrally  peltate.  10. 

7.  Leaves  dimorphous ;  sori  extending  to  parenchyma  so  as  to  appear  continuous.  12. 
Leaves  uniform.  Arcypteris.* 

"*^The  genus  Dictyopteris  Presl  (1836)  is  antedated  by  a  genus  of  the  same  name 
among  the  algae.  We  therefore  propose  the  name  Arcypteris,  with  the  same  mean- 
ing. It  is  not  the  exact  equivalent  of  Dictyopteris  Presl,  the  first  species  of  which  was 
Polypodium  attenuatum  R.  Br. ,  which  does  not  belong  to  the  \  Dictyopteris  as  taken  up 
hy  Synopsis  Filicum,  Aspidium  difforme  Blume  (Enum.  PI.  Jav.  160.  1828)  maybe 
considered  as  the  type  of  Arcypteris. 


Digitized  by 


Google 


Underwood:  Ferns  of  the  Philippines 


(>79 


S.  Pinnae  continuous  with  the  rachis ;  texture  firm,  more  or  less  coriaceous. 

POLYSTICHUM. 

Pinnae  articulated  with  the  rachis,  easily  caducous ;  texture  thin  herbaceous. 

Cyclopeltis. 

9.  Areolae  irregular,  without  free  veinlets.  Pleocnemia. 

Areolae  provided  with  free  recurrent  veinlets.  Sagenia. 

la  Areolae  regular ;  included  veinlets  straight,  directed  towards  the  margins  of  the  seg- 
ments. CVRTOMIUM. 

Areolae  irregular,  fine  ;  included  veinlets  often  branched  and  recurrent.    Tectaria. 

11.  Rootstock  short.  Egenolfia. 
Rootstock  widely  climbing.                                                                   Polybotrya. 

12.  Areolae  few,  without  free  included  veinlets.  Stenosemia. 
Areolae  copious,  with  free  included  veinlets.  Anapausia.* 

The  disposition  of  these  genera  by  Hooker  and  Baker  and  by 
Diels  is  so  diverse  that  it  can  be  best  represented  in  tabular  form : 


Geoenihere 
accepted 

Number  of 
Philippine 

Equivalent  genera 
in  Die  natUrn'chen 

Equivalent 
genera  in 

species  reported 

Pflanzen/amilien 

Synopsis  Filicum 

Pbegopteris 

9 

Nephrodium 

Polypodium 

Polystichum 

9 

Polystichum 

Aspidium 

Cyclopeltis 

I 

Cyclopeltis 

Aspidium 

DidynKKhlaena 

I 

Didymochlaena 

Didymochlaena 

Dryopteris 

44 

Nephrodium 

Nephrodium 

Cyclosorus 

24 

Nephrodium 

Nephrodium 

Goniopteris 

6 

Nephrodium 

Polypodium 

Meniscium 

2 

Nephrodium 

Meniscium 

Arcypteris 

5 

Nephrodium 

Nephrodium 

Pleocnemia 

5 

Nephrodium 

Nephrodium 

Sagenia 

9 

Aspidium 

Nephrodium 

Cyrtomium 

I 

Polystichum 

Aspidium 

Tectaria 

7 

Aspidium 

Aspidium 

Egenolfia 

I 

Polybotrya 

Acrostichum 

Polybotrya 

5 

Polybotrya 

Acrostichum 

Stenosemia 

I 

Stenosemia 

Acrostichum 

Anapausia 

12 

Gymnopleris 

Acrostichum 

Tribe  p.    Oleandreae 
This  tribe  is  represented  in  the  Philippines  by  four  nominal 
species  of  Oleandra^  the  only  genus  in  the  tribe.     Their  satiny 
luster  renders  them  peculiarly  attractive  among  ferns. 

TrU)e  10.    Woodsieae 
This  tribe  is  represented  in  our  eastern  possessions  only  by 
one  species  of  Diacalpe, 

•These  have  been  usually  placed  in  Gymnopterisy  but  that  genus  was  monotypic 
IS  originally  founded  and  based  on  a  plant  of  a  wholly  different  alliance. 
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Tribe  ii.    Davallieae 
The  eight  genera  represented  may  be  distinguished  as  follows  : 

1.  Pinnae  onesided  :  indusium  double,  the  inner  membranous,  the  outer  formed  of  the 

more  or  less  changed  leaf-margin.  Lindsaea. 

Pinnae  developed  on  both  sides  of  midrib,  though  not  always  equally.  2. 

2.  Indusium  attached  only  at  base.  3- 
Indusium  attached  on  three  sides.  4* 
Indusium  wanting ;  sori  subterminal  on  the  veins.                            Monachosorum. 

3.  Pinnae  jointed  to  the  rachis.  Nephrolepis. 
Pinnae  not  jointed ;  leaves  jointed  to  the  rootstock.  Humata. 
Pinnae  not  jointed ;  leaves  not  jointed  to  the  rootstock.                            Saccoloma. 

4.  Leaves  jointed  to  the  rootstock.  Davallia. 
Leaves  not  jointed  to  the  rootstock.  5. 

5.  Leaf-lobes  as  long  as  indusium  and  both  uniting  in  a  special  cup  beneath  the  sonis. 

DliNNSTAEDTIA. 

Leaf-lobes  slightly  modified,  longer  than  the  indusium.  6. 

6.  Sorus  with  a  receptacle  containing  tracheids ;  leaves  scattered  on  a  creeping  root- 

stock.  MiCROLEPIA. 

Sorus  without  a  tracheidal  receptacle ;  leaves  clustered.  Odontosoria. 

The  Malaysian  region  is  the  home  of  certain  groups  of  the  daval- 
lioid  ferns  ;  Humata  is  represented  by  twelve  species  ;  DaixiUia  also 
by  twelve  species,  of  which  six  belong  to  the  §  Odontoloma,  some- 
times recognized  as  a  genus  ;  Odontosoria  by  a  single  species,  and 
Microlcpia  by  nine ;  all  the  foregoing  are  included  in  the  genus 
Davallia  in  Synopsis  Filicum,  Of  the  other  genera  Nephrolepis  has 
eight  nominal  Philippine  species,  a  number  which  may  be  modified, 
since  the  genus  is  sadly  in  need  of  a  revision  ;  Lindsaea  has  seven- 
teen, Dennstaedtia  has  four,  and  Monac/wsorum  and  Saccoloma  each 
one. 

Family  7.    Hvmenophyllaceae 

Following  the  usual  treatment  the  filmy  ferns  are  grouped  in 
two  genera  representing  the  primary  divisions  in  the  following  syn- 
opsis. We  believe,  however,  that  many  of  the  genera  established 
by  Presl  are  as  clearly  marked  natural  groups  as  can  exist  among 
the  ferns,  and  in  the  following  treatment  we  have  taken  up  such 
of  Presl's  genera  as  occur  in  the  Philippines,  believing  that  others 
represented  in  tropical  America  and  elsewhere  represent  equally 
natural  groups. 


Digitized  by 


Google 


Underwood  :  Ferns  of  the  Philippines  681 

The  Philippine  genera  are  as  follows  : 

1.  I ndusium  tubular ;  receptacle  filiform  exserted.     {  7 ricAomants  Syn.  ¥i\.)  2. 
Indosium  2.valved,  formed  of  two  divided  laminae  of  the  leaf ;  receptacle  shorter 

than  the  indusium  or  barely  protruding.     {^HymenQphyllum  Syn.  Fil.)  6. 

2.  Margin  of  the  indusium  entire.  3. 
Margin  of  the  indusium  2-lipped.  5. 

3.  Receptacle  terminating  in  a  rounded  head.  Cephalomanes.* 
Receptacle  uniformly  terete.  4. 

4.  Leaves  and  indusia  bordered  by  rows  of  minute  cells.  ABRODicrvUM.f 
Leaves  of  uniform  texture  not  bordered.  Trichomanes. 

5.  Indusium  contracted  below  the  lips,  bordered  by  the  tissue  of  the  leaf. 

DiDYMOGLOSSUM.  % 

Indusium  lateral,  subpedicellate,  not  contracted  nor  bordered.  Meringium.  \ 

6.  Receptacle  clavate  ;  leaves  smooth  ;  sporangia  sessile.  Hymenophyllum. 
Receptacle  globose-thickened  at  the  summit ;  leaves  often  covered  or  margined  with 

simple  or  stellate  hairs,  sometimes  smooth  ;  sporangia  stipitate. 

SPHAEROCIONIUM.y 

Of  the  above  genera  Cepltaiomanes,  Abrodictyum,  and  Meringium 
are  each  represented  by  a  single  species,  Sphaerocionium  and 
Didynwglossiwi  by  six  each ;  Hymenophyllum  still  has  a  residue  of 
fourteen  species,  and  Trichomanes  a  still  larger  one  of  twenty -four. 
There  has  been  no  modem  monograph  of  this  family,  so  that  these 
numbers  are  likely  to  be  varied  greatly  aside  from  future  additions 
to  the  flora. 

IV.     SALVINIALES 

Both  families  of  this  order  are  represented  in  the  Philippines : 
the  floating  Salviniaceae  by  a  single  species  of  Azolla,  and  the 
rooting  Marsileaceae  by  a  single  species  of  Marsilea  with  the  usual 

*  Ctphalomanes  Presl,  Hymenophyllaceae,  17.  pL  j.  1 843.  Monolypic ;  based 
on  C  atravirens  Presl  (Luzon,  Cumingy  no.  i6g)\  there  was  evidently  a  mixture  in 
ihis  number,  for  Hooker  in  commenting  on  Presl' s  genera  says  that  his  plant  under  that 
number  is  Trichomanes  Javanicum.  Presl  later  defends  his  genus  in  vigorous  language 
and  adds  other  species,  and  the  genus  was  accepted  by  Van  den  Bosch. 

\  Abrodictyum  Presl,  Hymenophyllaceae,  20.  //.  7.  1843.  Monotypic;  based  on 
A.  Cumingii  Presl  (Luzon,  Cuming ^  nos.  208 ^  338). 

X  Didymoglossum  Desv.  Ann.  Soc.  Linn.  Paris,  6 :  330.  1827.  Based  on 
Trickomuines  muscndes  Sw.  (first  named)  and  seven  other  species. 

2  Meringium  Presl,  Hymenophyllaceae,  21.  pi.  8^  f,  B.  1843.  Based  on  two 
species,  of  which  M.  Meyenianum  Presl  (Luzon,  Meyen)  is  named  as  type. 

II  Sphaerocionium  Presl,  Hymenophyllaceae,  ^^.  pi.  4^  f,  B ;  pi.  lo^  f.  B,  C. 
1 843.    Based  oo  Hymenophyllum  hirsuium  Sw.  (  first  named  )  and  numerous  other  species. 
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quadripartite  foliage  characteristic  of  the  genus.  The  species  of 
Marsilea  grow  in  wet  places  and  often  resemble  in  habit  small 
plants  of  Oxalis, 

V.     EQUISETALES 

This  order  of  a  single  family  has  at  present  one  known  repre- 
sentative in  the  Philippines,  Equisetiim  debilis,  also  found  in  south- 
eastern Asia. 

VL    lycopodiales 

All  three  of  the  families  of  this  order  are  represented  in  the 
Philippines.     They  may  be  easily  recognized  as  follows  : 

1.  Spores  minute,  of  one  sort.  2. 
Spores  of  two  sorts,   minute  microspores  and  larger  macrospores ;  leaves  (in    al! 

Philippine  species)  4-ranked,  of  two  sizes.  3.  Selagineli  acfak. 

2.  Sporangia  unilocular.  i.  Lyo»i*oi)Iaceak. 
Sporangia  2-3-locular.  2.  Psii.oiackak. 

The  Lycopodiaceae  are  represented  by  thirteen  species  of 
Lycopodimn,  two  of  which  are  said  to  be  species  of  the  temperate 
or  subboreal  region  of  the  United  States,  a  statement  which  ap- 
pears scarcely  credible. 

The  Psilotaceae  are  represented  by  Psilotum  nudum  with 
leaves  reduced  to  mere  rudiments,  and  trilocular  sporangia,  and 
Tmesipteris  Tannensis  with  oval  leaves  nearly  an  inch  long  and 
bilocular  sporangia.  The  Selaginellaceae  are  represented  by 
thirty-three  species  of  Sclaginella,  the  larger  part  of  which  have 
been  added  through  the  labors  of  Dr.  Warburg. 


Summary 

Orders' 
Opbioglossales 
Marattiales 

Families 

I 
I 

Genera 
4 

3 

Species 

7 
7 

Filicales 
Salviniales 

7 
2 

91 

2 

568 

2 

Equisetales 
Lycopodiales 

I 
3 

I 
4 

I 
48 

Totals  15  105  633 

The  fern  flora  of  the  Philippines  is  evidently  related  on  the 
one  hand  to  that  of  Formosa  and  the  Asiatic  continent,  and  on 
the  other  to  that  of  the  more  southerly  islands  of  Celebes  and 
Borneo ;  the  extensive  recent  additions  to  the  fern  flora  of  the 
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latter  island  through  the  discoveries  of  Bishop  Hose  open  up  a 
series  of  interesting  distributional  problems  relative  to  the  southern 
islands  of  the  Philippine  group  which  have  never  yet  been  ex- 
plored botanical ly.  It  is  hoped  that  some  American  residents  in 
the  Philippines  will  become  interested  in  the  ferns  of  the  islands 
and  make  extended  studies  of  their  interesting  pteridophyte  flora. 
We  shall  be  only  too  glad  to  render  any  assistance  in  specific 
identification  that  may  be  sought  in  the  hope  that  our  knowledge 
of  the  fern  flora  of  this  prolific  region  may  be  thereby  extended. 
Columbia  University,  i  November,  1903. 


Since  the  above  article  was  in  print  I  have  learned  of  the  publication  of  a  paper 
by  Mr.  E.  D.  Merrill  on  the  botanical  work  already  accomplished  in  the  Philippines, 
said  also  to  give  an  account  of  the  existing  herbaria  in  the  archipelago.— rL.  M.  U. 
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INDEX  TO  the  genera  OF  PHILIPPINE  FERNS 


Abrodictyum,  68 1 
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Dipteris,  678 
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Marsilea,  681 
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The  Publications  of  the  Department  of  Botany,  Co- 
lambia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.  Small.    A  Monograph  of  the  North  American  Species  of 
the  Genus  Pofy£-oHum.     Pp.  178.    84  plates.    1895.    Price, 
six  dollars. 

Vol.11.  Rydberg.  A  Monograph  of  the  North  American  Poten- 
tilleae.     Pp.  224.     1 12  plates.  - 1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
1 1,  13. 1 7»  20,  21,  22,  24.  These  can  be  supplied  at  twenty 
five  cents  each,  except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32,  33.  34,  36, 
and  39  are  out  of  print ;  other  numbers  can  be  supplied  at 
twenty  five  cents  each,  except  No.  35,  which  is  one  dollar 
and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  52,  54.  60,  and  72  are 
out  of  print ;  others  can  be  supplied  at  twenty  five  cents 
each. 

Vol.  IV.  Nos.  76-100  (1895-1896).  Five  dollars ;"  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifty  cents, 
and  No.  101  which  can  only  be  supplied  with  full  volumes.. 

Vol.  VI.  Nos.  126-150(1897-1898).  FivedoUars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
1 58*  cannot  be  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.   No.  201 — (current). 

*  Nos.  157  and  158,  with  the  set  of  nine  papers  by  Mr.  Bicknell  on  SisyrincJiium, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany. 

New  York  city. 
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Explorations  in  the  coastal  plain  of  Georgia  during  the  season  of  1902 

Roland  M.  Harpkr 

My  explorations  in  Georgia  in  1902,  beginning  at  Augusta  on 
June  5  and  ending  near  the  same  place  on  November  16,  were 
confined  to  those  counties  lying  wholly  or  partly  in  the  coastal 
plain.  Notes  and  collections  were  made  in  the  counties  of 
Columbia  (nos.  12^^-1  J02,  ijio-ij/^*),  Richmond  {ijoj- 
130^^  1315-1321),  Burke,  Jefferson,  Glascock  {1322-1326), 
Washington  {i32y''i33i\  Johnson  {1332-1347),  Laurens  {1348- 
'373\  Dodge,  Pulaski  {1374-1387),  Wilcox,  Dooly  {17 12), 
Sumter  {1388-2406,  1713-1731),  Marion  {1407-1410),  Schley 
{141 1-1413),  Irwin  {1414-1422,  1702-1704,  1708-1711),  Coffee 
{1423-1463),  Appling,  Pierce  {1464-1467),  Ware  {1468-1470), 
Charlton  {1471-1516,  1573-1577),  Wayne,  Glynn  {1518-1537), 
Camden  (/J//,  1538-1572),  Clinch  {1578-1580,  1583-^585)^ 
Elchob  {1581-1582),  Lowndes  {1586-1615),  Brooks  {1616-1633), 
Thomas  {1634-163^),  Colquitt  {1640-1676),  Berrien  {1677- 
i6g6,  16^^-1701,  1705-1707),  Worth  {i6p7,  i6p8),  Lee,  Terrell, 
Randolph  {1732-1745,  1758-1784),  Quitman  {1746-1757),  Clay 
(1786-17^3),  Webster,  Stewart,  Chattahoochee  {1794,  i795\ 
Muscogee  {1796-1806),  Talbot,  Taylor  {1801-1803),  Crawford 
{1804),  Houston,  Bibb  {1805-1808),  Jones,  Wilkinson  and 
Screven,  approximately  in  the  order  named.  Numbers  12^4-1387 
were  collected  in  June,  1388-1463  in  July.  1464-1585  in  August, 
1586—1701  in  September,  1702-1793  in  October,  and  1794-1808 
in  November.  One  hundred  and  fifly-two  numbers  of  bryophytes 
and  thallophytes,  which  do  not  appear  in  the  foregoing  enumera- 
tion, were  also  collected. 

My  travels  by  rail  within  the  state  covered  more  than  1 500 
miles,  less  than  200  of  which  were  the  same  as  had  been  traversed 
the  previous  season.  About  400  photographs  of  the  vegetation 
and  scenery  were  taken. 

Whenever  opportunity  offered  special  attention  was  paid  to  the 


*  Numbers  of  the  planu  collected. 
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problem  of  determining  the  exact  location  of  the  fall-line,  or  inland 
boundary  of  the  coastal  plain.  I  ascended  the  Savannah,  Ocmul- 
gee,  Flint  and  Chattahoochee  Rivers  and  Rocky  Comfort  Creek 
(the  latter  in  Glascock  County)  to  beyond  their  intersections  with 
this  line,  and  also  followed  it  pretty  closely  by  rail  through  the 
counties  of  Muscogee  and  Talbot. 

Many  of  the  oldest  and  largest  cities  of  the  Middle  and  South 
Atlantic  States  are  situated  on  this  fall-line,  which  usually  marks 
the  head  of  navigation,  and  in  many  cases  the  greatest  water- 
power,  on  the  rivers  which  cross  it  But  botanists  who  have  col- 
lected around  these  cities  have  almost  invariably  failed  to  indicate 
whether  their  plants  came  from  the  hill  country  above  or  the 
coastal  plain  below.  From  a  phytogeographical  standpoint  this 
is  a  most  serious  omission,  for  the  fall-line,  throughout  its  length 
of  hundreds  of  miles,  is  (in  the  words  of  Dr.  McGee  *)  '*  one  of  the 
most  strongly  marked  physiographic  and  cultural  lines  on  the 
surface  of  the  globe,"  and  "  the  most  important  structural  line  of 
eastern  United  States.**  The  rather  vaguely  defined  "  Austrori- 
parian  area  *'  of  some  botanists  —  or  rather  biologists  —  is  prac- 
tically the  coastal  plain,  and  the  boundary  between  that  and  the 
*•  Carolinian  area  "  is  simply  the  fall-line,  the  cause  of  which  is 
purely  geological,  and  not  climatic. 

It  should  not  be  inferred,  however,  that  the  fall-line  is  always 
ao  sharply  defined  as  to  be  visible  in  the  field  at  a  single  glance. 
On  the  contrary  it  cannot  usually  be  definitely  located  witUs  a 
mile  or  two,  except  along  the  larger  streams.  Nevertheless,  it 
seems  to  be  an  impassable  barrier  for  many  species  of  plants  ;  and 
the  great  difference  in  aspect  of  the  topography  and  flora'  on 
opposite  sides  of  this  line  is  apparent  to  the  most  indifferent 
observer. 

A  few  places  of  historical  or  geographical  interest  visited  on 
this  trip  will  now  be  mentioned. 

In  June  I  spent  a  week  in  the  vicinity  of  Augusta,  where  the 
most  interesting  natural  feature,  to  a  botanist  at  least,  is  the  sand- 
hills, so  well  known  to  winter  visitors.  These  are  part  of  a  line 
of  sandy  elevations  which  extend  along  or  near  the  fall-line  from 

*  Ann.  Rep.  U.  S.  Geol.  Surv.  i2» :  356,  357.     1891.     The  introductory  portion 
of  this  paper  is  recommended  to  the  careful  consideration  of  the  reader. 
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central  North  Carolina  to  western  Georgia,  with  some  interrup- 
tions. Little  is  known  of  the  origin  and  geological  history  of 
these  fall-line  sand-hills,  and  they  deserve  further  study.  Their 
flora  is  of  course  eminently  xerophytic,  but  need  not  be  discussed 
here. 

Augusta  was  visited  in  the  eighteenth  century  by  Bartram  and 
Michaux,  and  in  the  nineteenth  by  Baldwin,  Croom,  Leavenworth, 
Olney,  Ravenel,  McCarthy,  Sargent,  Small  and  other  botanists. 
It  is  now  the  home  of  Mr.  A.  Cuthbert,  the  discoverer  of  several 
species  new  to  science,  with  whom  I  had  the  pleasure  of  compar- 


FiG.  I.     (jeneral  view  of  fall-line  sand-hills  near  Augusta.     June  8. 

ing  notes.  The  influence  of  Michaux's  work  in  this  vicinity  is 
strikingly  shown  by  the  fact  that  of  the  flora  of  these  particular 
sand-hills  most  of  the  characteristic  species  and  several  of  the 
genera  were  discovered  and  described  by  him. 

In  November  I  examined  other  portions  of  the  fall-line  sand- 
hills, in  the  counties  of  Talbot,  Taylor  and  Jones.  The  area  in 
Talbot  and  Taylor  Counties  extends  about  twenty  miles  east  and 
west  and  perhaps  nearly  as  far  north  and  south,  but  is  little  known. 
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Here  the  sand-hills  rise  to  six  or  seven  hundred  feet  above  sea- 
level  and  considerably  above  the  adjacent  metamorphic  hills. 
They  are  comparatively  level,  however,  as  is  well  illustrated  at 
Tangent  in  Taylor  County,  where  the  railroad  track  is  straight 
beyond  the  horizon  in  both  directions.  This  region  is  sparsely 
settled,  and  its  pine  forests  still  furnish  lumber  and  turpentine  in 
merchantable  quantities.  The  manufacture  of  turpentine  here  is 
of  interest  because  a  distance  of  at  least  fifty  miles,  including  the 
whole  width  of  the  outcrop  of  the  Eocene  formations,  intervenes 
between  this  and  the  pine-barren  region  where  the  rest  of  the 
turpentine  of  Georgia  is  now  produced. 

This  western  sand-hill  area  seems  to  have  been  first  made 
known  to  science  by  Elliott.  Bartram,  who  traversed  these  coun- 
ties (or  rather  the  area  now  included  in  them)  in  the  summer  of 


Fig.  2.  Open  portion  of  Okefinokee  Swamp.     August  7. 

1776,  and  again  the  following  winter,  must  have  passed  just  to 
the  north  of  the  sand-hills,  for  he  does  not  mention  them  in  his 
Travels.  Elliott  visited  them  early  in  the  nineteenth  century,  and 
discovered  there  several  new  species,  among  them  Ckrysopogon 
secundus,  Tliysanella  fiinbriata,  Dicerajidra  Imearifolia  and  Chry- 
sopsis pinifolia,  *  all  of  which  I  also  saw  in  the  same  region.  Elli- 
ott's route  was  along  the  **  Federal  Road,"  which  runs  along  or 
near  the  fall-line  and  connects  the  present  cities  of  Macon  and 
Columbus  (neither  of  which  existed^in  Elliott's  time). 

Since  Elliott  no  botanist  seems  to  have  explored  these  western 

*  See  Bot.  S.  C.  &  Ga.  I  :  580,  583  ;  a  :  94,  335. 
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sand  hills  except  the  late  Dr.  Hugh  M.  Neisler,  who  lived  for  many 
years  in  Butler,  the  county-seat  of  Taylor  County,  and  sent  speci- 
mens from  there  (many  of  which  are  now  preserved  in  the  Torrey 
Herbarium)  to  Dr.  Torrey.  At  Reynolds,  in  the  same  county,  I 
met  a  grandson  of  Dr.  Neisler,  who  took  me  to  another  historic 
spot,  the  site  of  the  Indian  Agency  at  the  crossing  of  the  Federal 
Road  and  Flint  River,  where  Dr.  Baldwin  spent  several  weeks  in  . 
the  spring  of  18 12.*  The  two  species  which  Dr.  Baldwin  dis- 
covered here  I  was  unable  to  find.  But  on  the  river  bank  just 
above  the  Agency  (and  at  or  near  the  fall-line)  I  s^w  growing  in 
intimate  association  Hydrangea  quercifolia  and  Hypericum  aureum, 
both  of  which  were  discovered  within  a  few  miles  of  this  place  by 
Bartram  in  July,  1776,  the  former  east  of  the  river  and  the  latter 
west.      Both  were  also  noted  near  the  Agency  by  Dr.  Baldwin. 

In  June  I  explored  portions  of  the  sand-hills  of  the  Oconee 
and  Ocmulgee  Rivers,  opposite  Dublin  and  Hawkinsville  respec- 
tively. These  river  sand-hills  are  probably  of  a  different  origin 
from  the  fall-line  sand-hills,  but  their  flora  is  similar  in  composition 
and  almost  identical  in  aspect.  Analogous  sand-hills  occur  along 
the  left  sides  of  many  other  streams  in  Southeast  Georgia,  but  are 
rare  in  Southwest  Georgia  and  seem  to  be  unknown  in  Alabama. 

In  August  I  spent  two  days  (6th  to  8th)  in  Okefinokee  Swamp 
(which  is  mostly  in  Charlton  County),  in  company  with  Mr.  P.  L. 
Ricker,  of  the  U.  S.  Department  of  Agriculture.  Okefinokee  Swamp 
differs  materially  from  the  two  other  great  swamps  of  the  eastern 
United  States  (Dismal  Swamp  and  the  Everglades)  in  being  about 
50  miles  inland  and  over  100  feet  above  sea-level,  but  it  has  sev- 
eral features  in  common  with  each.  No  account  of  the  flora  of 
Okefinokee  has  ever  been  published,  but  space  will  not  permit  a 
detailed  description  here.  The  swamp,  although  exceedingly  in- 
teresting phytogeographically,  seemed  to  contain  no  endemic  spe- 
cies of  flowering  plants.  About  75  species  were  observed,  but 
this  may  not  be  over  half  the  total  number  in  the  swamp. 

Later  in  the  same  month  we  visited  two  islands  on  the  neigh- 
boring coast,  both  now  favorite  summer  resorts  :  St.  Simon's,  in 
Glynn  County,  and  Cumberland,  in  Camden.     These  islands  were 


*SccRcIiq.  Baldw.  58-62  ^/j^^. 
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visited  in  the  eighteenth  century  by  Bartram  and  Michaux,  but 
seem  to  have  been  untouched  in  the  nineteenth  by  all  botanists 
except  Dr.  Baldwin,  who  visited  Cumberland  occasionally  during 
the  few  years  of  his  residence  at  St.  Mary's,  on  the  adjacent  main- 
land. Some  portions  of  Cumberland  island  rise  about  50  feet  above 
sea-level,  which  is  higher  than  most,  if  not  all,  of  the  other  islands 
along  the  Georgia  coast,  and  probably  as  high  as  any  part  of  the 
mainland  of  Camden  County.  The  floras  of  the  two  islands  are 
remarkably  different,  considering  their  proximity  to  each  other 
and  to  the  mainland. 

On  September  4  I  visited  two  interesting  bodies  of  water  in 
the  southern  part  of  Lowndes  County,  near  Lake  Park.     Ocean 


Tic;.  3.  Ocean  Pond,  Lowndes  County.     September  4. 

Pond,  the  larger  of  the  two,  is  said  to  be  about  two  miles  in  di- 
ameter, and  is  probably  the  largest  pond  in  the  state.  But,  strange 
to  say,  for  over  fifty  years  it  has  been  represented  seven  or  eight 
miles  from  its  true  position  on  all  maps  of  the  state  which  show 
it  at  all.  Its  water  is  quite  clear  and  the  shore  mostly  sandy,  like 
that  of  Open  Pond  in  Decatur  County,  *  which  I  visited  the  sum- 
mer before.  Among  other  interesting  plants  seen  in  Ocean  Pond 
and  along  its  shores  were  Sagittaria  isoetiformis,  Hydrochloa  flui- 
tans,  Eriocaiilon  septanguiare  {710.  1608),  Lachnocaulon  Btyrichi- 
anum  (no.  i6oy),  Polygonum  hirsutum  [tio.  160^),  and  Nymphaea 
orbiculata  [no,  16 10), 

*See  Bull.  Torrey  Club,  30  :  290.     My  1903. 
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Long  Pond,  about  a  mile  away,  is  about  half  as  large  as  Ocean 
Pond.  Its  water  is  also  clear,  but  it  has  no  shore  (at  least  on  the 
side  examined),  being  bordered  by  a  fringe  of, cypress  swamp.  It 
is  analogous  in  many  ways  to  Cane  Water  Pond  in  Decatur 
County.*  In  Long  Pond  I  collected  an  apparently  undescribed 
species  of  Nymphaea  {no,  161 1).  These  two  ponds,  like  the  two 
similar  ones  in  Decatur  County,  are  partly  surrounded  by  dry 
sandy  areas  characterized  by  Eriogonum  tomentosum  and  other 
xerophytes. 

Toward  the  end  of  the  same  month  I  revisited  the  type  locality 
of  Rhynchospora  solitaria  and  Baldwinia  atropurpurea,  the  two 
species  which  I  discovered  in  Tifton  two  years  before.  The  local- 
ity (a  characteristic  area  of  primeval  moist  pine  barrens)  is  so  near 
the  center  of  the  city  that  it  is  in  imminent  danger  of  destruction 
by  the  encroachments  of  civilization,  but  fortunately  both  species 
are  common  enough  elsewhere  in  the  same  and  adjoining  counties. 

In  October  I  studied  portions  of  Randolph,  Clay  and  Quitman 
Counties,  in  the  Cretaceous  and  Eocene  regions,  making  head- 
quarters at  Cuthbert  for  about  three  weeks.  Cuthbert  is  one  of 
the  oldest  cities  in  southwest  Georgia,  but  seems  never  to  have 
been  visited  by  a  traveling  botanist  before,  though  there  was  resi- 
dent in  the  city  at  that  time  an  enthusiastic  amateur.  Rev.  C.  H. 
Hyde,  to  whom  I  am  indebted  for  his  hospitality  and  for  guiding 
me  to  many  interesting  places  in  the  vicinity. 

Cuthbert,  though  south  of  latitude  32°,  has  an  elevation  of 
nearly  500  feet  and  is  several  miles  outside  of  the  pine-barrens,  in 
a  region  of  red  hills  not  unlike  some  of  those  in  Middle  Georgia. 
Pinus  palustris  seems  to  be  entirely  absent  from  a  considerable 
area  (whose  limits  have  not  yet  been  accurately  determined) 
around  Cuthbert  and  extending  through  several  counties,  where 
P.  echinata  takes  its  place. 

On  steep  shaded  hillsides  and  in  rich  ravines  in  this  part  of  the 
state,  where  the  original  forest  has  not  been  destroyed,  plants  of 
more  northern  range  abound,  and  I  was  continually  surprised  at 
finding  such  species  as  Adiantuni  pedatum,  Phegopteris  luxagonop- 
Ura^  Brachyelytrum  erectum,  Vagnera  racemosa,  Polygonatiwi  bi- 
floruffty  Uvtilaria  perfoliata^  Trillium  erectum^  Pogonia  vcrticillata 

♦Sec  Bull.  Torrey  Club,  30  :  290.     My  1903. 
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(no,  1762),  Sanguinaria  Canadensis,  Actaea  alba,  Xanthorrhiza 
apiifolia,  Hydrangea  arborescens,  Viola  tripartita  glaberrima,  Dirca 
palustris  {no,  17^0),  Panax  qtdnquefolium,  Kalmia  latifolia  and 
Phryma  Leptostachya,  associated  with  coastal  plain  types  like  PiniLs 
glabra,  Rhapidophyllum  Hystrix  and  Magnolia  grandiflora.  Other 
very  interesting  plants  were  found  on  the  banks  of  the  Chattahoo- 
chee River  near  Georgetown  (in  the  Cretaceous  region)  and  Fort 
Gaines  (Eocene). 

On  October  23,  in  company  with  Mr.  Hyde,  I  visited  a  cave 
(known  as  Grier's  Cave),  in  Randolph  County,  about  ten  miles 
north  of  Cuthbert.  Over  several  acres  around  this  cave  a  com- 
pact limestone  of  the  Midway  or  Clayton  period  (lowest  Eocene) 
crops  out  in  huge  boulders  and  ledges,  and  supports  a  deciduous 
forest  containing  a  great  variety  of  herbs  as  well  as  trees.  The 
aspect  of  the  place  is  much  like  that  of  the  Mountain  Limestone 
area  at  the  north  end  of  Pigeon  Mountain  in  Walker  County,* 
and  some  species  are  common  to  the  two  places.  An  interesting 
feature  of  the  flora  of  the  rocky  woods  around  Grier's  Cave  is  the 
large  number  of  plants  with  barbed  fruits,  adapted  for  dissemina- 
tion by  animals.  Representatives  of  at  least  six  families  with  this 
adaptation  were  observed. 

The  following  species  of  more  than  ordinary  interest  were  col- 
lected or  observed  in  1902  : 

Adiantum  pedatum  L. 

Grows  luxuriantly  on  thesteep  shady  north  side  of  a  high  bluff 
along  Samochechobee  Creek  in  Clay  County,  where  I  collected  it 
on  October  28  {tio.  1786),  This  locality  (in  latitude  31°  38') 
is,  I  believe,  considerably  farther  south  than  any  other  known  for 
this  species,  and  is  the  only  one  known  in  the  coastal  plain  in 
Georgia  and  adjacent  states. 

Adiantum  Capillus- Veneris  L. 

Very  abundant  on  the  perpendicular  rocky  walls  (Eocene)  of 
the  same  creek  near  its  confluence  with  the  Chattahoochee  River 
just  above  Fort  Gaines.     Seen  also  on  the  bluff  of  the  river  itself 


*  See  Bull.  Torrey  Club,  28  :  456,  482.     1901. 
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at  Fort  Gaines,  and  just  above  Georgetown,  where  I  collected  it 
on  overhanging  Cretaceous  rocks  on  October  16  {no.  1756), 

Eragkostis  amabilis  (L.)  Wight  &  Am. ;  Hook. 
&  Arn.  Bot.  Beechey,  251.  184 1 
In  the  Bulletin  for  July,  1902,  Scribner  and  Merrill  have  re- 
ported the  occurrence  of  this  Asiatic  ornamental  grass  in  Middle 
Florida.  In  September  I  found  it  quite  common  as  a  weed  along 
moist  roadsides  and  railroad  ditches  in  the  vicinity  of  Quitman 
{no.  1616)  and  Moultrie.  There  is  nothing  in  its  mode  of  occur- 
rence to  suggest  its  having  escaped  from  cultivation  (if  indeed  it 
has  ever  been  cultivated  in  that  part  of  the  country)  and  it  seems 
to  be  thoroughly  naturalized. 

Eragrostis  simplex  Scribn.  Bull.  Div.  Agrost.  U.  S. 
Dept.  Agric.  No.  7,  ed.  3,  250.      1900 
•*  E.  Brownci  Nees  *'  of  Chapman  and  several  other  authors. 
A  weed  of  unknown  origin  which  is  common  along  most  rail- 
roads  in   South  Georgia,   especially  in   the   pine-barren    region. 
Collected  in  Colquitt  County,  September  22  {no.  16^6).     Previ- 
ously reported  only  from  Florida. 

Fimbristylis  perpusilla  Harper ;  Small,  Fl.  S.  E. 
States,  188.     1903 

Although  this  species  has  already  been  described,  it  has  several 
peculiarities  which  could  not  be  mentioned  in  the  limited  space  of 
the  original  description. 

The  plant  was  collected  (in  flower)  on  the  muddy  bottom  of  a 
dried-up  pine-barren  pond  near  Leslie,  Sumter  County,  on  the 
morning  of  October  9  {no.  172^).  It  was  very  abundant,  but 
so  small  as  to  be  scarcely  visible  to  a  person  standmg  up.  Its 
only  associates  visible  to  the  naked  eye  were  two  bryophytes, 
Riccia  Suliruantii  and  Ephememm  tenerum,  the  latter  almost 
microscopic.  The  vegetative  period  of  the  Fimbristylis  must  be 
very  brief  and  irregular,  for  the  pond  in  which  it  grows  cannot  be 
expected  to  dry  up  at  the  same  time  every  year,  and  there  may 
be  years  in  which  it  does  not  dry  up  at  all.*     In  this  respect  our 


*0n  July  13,  1903, 1  revisited  the  type-locality  and  found  it  covered  by  about  three 
feet  of  water.  No  trace  of  the  Fimbristylis  could  be  found  in  several  handfuls  of  mud 
taken  from  the  bottom. 
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plant  is  inversely  analogous  to  some  species  of  Isoetcs  (/.  melano- 
spora  and  /.  Orcuttii,  for  instance),  which  grow  in  shallow  depres- 
sions on  rocks  and  vegetate  only  in  wet  seasons. 

Fimbristylis  pcrpvsilla  is  one  of  the  smallest  and  simplest  species 
of  the  genus,  but  it  is  too  different  from  the  other  species  occurring 
in  the  vicinity  to  be  regarded  as  a  depauperate  form  of  any  of  them 
and  besides  the  specimens  were  perfectly  healthy  and  vigorous, 
F.  autumnalis  sometimes  finds  its  way  into  pine-barren  ponds  as. 


Fig.  4.  Type-locality  of  Fimbristylis  perpusilla^  near  Leslie,  Sumter  County. 

October  9. 


they  dry  up  in  summer  or  fall,  but  in  so  doing  it  changes  none  of 
its  characters.  A  depauperate  form  of  F.  Frankii  (also  associated 
with  a  Riccia)  has  been  found  by  Mr.  A.  A.  Eaton  on  muddy 
shores  of  a  pond  in  Kingston  and  East  Kingston,  N.  H.,  but  it  is 
quite  different  from  my  plant. 

By  its  floral  characters  F.  perpusilla  seems  nearest  related  to 
F,  Vahlii,  but  in  that  species  (which  is  not  known  in  Georgia)  the 
culms  are  densely  tufted  and  erect  or  nearly  so,  and  the  spikelets 
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are  all  sessile,  while  in  F,  perpusilla  the  culms  (8  or  10  to  each 
plant)  are  prostrate,  and  of  the  3  to  6  spikelets  in  each  umbel  some 
are  sessile  and  some  on  peduncles  1-4  mm.  long.  (That  part  of 
the  original  description  conflicting  with  this  is  erroneous.) 

Mr.  M.  L.  Femald  has  suggested  the  resemblance  of  my 
plant  to  F,  dipsacea  (Rottb.)  B.  &  H.,  an  Asiatic  species,  but  this 
resemblance  is  probably  only  accidental.  F,  dipsacea  has  been 
treated  as  the  type  of  a  distinct  genus  {Echinolytrum  Desv.),  on 
account  of  some  peculiarities  of  its  achenes,  which  find  no  parallel 
in  my  plant.  It  should  be  borne  in  mind  that  nearly  all  the  pine- 
barren  plants  are  endemic  species,  so  that  the  probability  of  one 
of  them  being  identical  with  an  Asiatic  species  is  very  small.  And 
there  is  not  the  slightest  possibility  of  my  plant  having  been 
introduced. 

Rhynchospora  solitaria  Harper,  Bull.  Torrey  Club, 
28:  468.      1 90 1 

Collected  again  at  the  type-locality  in  Tifton,  September  26 
{no.  16 jj) ;  also  seen  in  similar  situations  in  Colquitt  County  a  few 
days  earlier  and  in  Irwin  County  a  few  days  later.  Since  seeing 
this  species  in  the  field  again  I  can  now  indicate  its  affinities  with 
more  certainty.  It  seems  nearest  related  to  R,  ciliaris  (Michx.) 
Mohr  {R,  ciliata  Vahl),  from  which  it  differs  principally  in  being 
more  slender  and  glabrous,  with  longer  erect  leaves,  narrower 
spikelets  and  longer  perianth  bristles,  and  in  its  later  flowering 
period.  These  two  species,  together  with  R.  Baldwinii,  seem  to 
form  a  small  natural  group.  If  my  view  is  correct  R,  solitaria  is 
not  a  near  relative  of  R.  Tracyi  (which  is  scarcely  a  true  Rhyncho- 
spora),  which  it  immediately  follows  in  Dr.  SmalTs  Flora. 

Rhapidophyllum  Hystrix  (Pursh)  Wendl.  &  Drude 

This,  one  of  the  rarest  of  our  palms,  I  first  found  in  rich  shady 
woods  northwest  of  Cuthbert,  on  October  21  {no.  176^).  Here 
there  were  only  a  few  specimens,  but  a  few  days  later  I  found  it 
more  abundant  in  similar  situations  along  Samochechobee  Creek 
in  Clay  County. 

This  species  seems  to  have  been  previously  known  in  Georgia 
only  from  the  type-locality,  "near  the  town'bf  Savannah,"  but  I 
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am  not  aware  that  any  botanist  now  living  has  seen  it  in  that  part 
of  the  state. 

Lachnocaulon  Beyrichianum  Sporleder;    Koernicke, 
Linnaea,  27:   597.      1854 

In  rather  dry  pine-barrens  near  the  eastern  edge  of  Okefinokee 
Swamp  in  Charlton  County,  August  9  (no.  1491)  ;  also  above 
high-water  mark  on  the  sandy  shore  of  Ocean  Pond,  Lowndes 
County.  September  4  {no,  idoj).  Previously  known  in  Georgia 
only  from  the  type-locality.  **  ad  ripas  paludum  prope  Ebenezer," 
where  it  was  discovered  by  Beyrich  about  seventy  years  ago. 
Dr.  Morong,  in  his  remarks  on  this  species,*  erroneously  places 
Ebenezer  in  Middle  Georgia.  The  original  Ebenezer,  visited  by 
Beyrich,  was  on  the  Savannah  River  in  Effingham  County,  but  is 
now  extinct  or  nearly  so.  In  later  years  there  have  been  two 
or  three  other  Ebenezers  in  Georgia,  and  it  was  probably  one  of 
these  which  misled  Dr.  Morong. 

Eriocaulon  Texense  Koernicke,  Linnaea,  27:    594,     1854 

Collected  on  July  2  in  flat  pine-barrens  near  Huntington, 
Sumter  County,  in  a  place  which  was  quite  dry  at  the  time,  but 
becomes  a  shallow  pond  in  wet  weather  {no.  Tjg§),  Previously 
known  only  from  Texas.  (The  reference  to  Florida  under  this 
species  in  Dr.  Small's  Flora  is  an  error,  probably  typographical, 
Georgia  having  been  intended.)  This  species  is  about  intermediate 
in  appearance  between  £".  compressuni  and  E,  decangtdare,  and  if 
it  has  been  seen  elsewhere  in  the  East  it  has  probably  been  mis- 
taken for  one  of  these  other  species. 

Tradescantia  comata  Small 

In  rich  woods  on  Germain's  Island  in  the  Savannah  River, 
Columbia  County,  15  or  20  miles  above  the  fall-line,  June  7  {no, 
I2p6).  Altitude  about  175  feet.  Previously  reported  only  from 
the  mountains. 

JuNCUS  brachycarpus  Engelm. 

In  river-bottoms  near  the  same  island,  collected  on  the  same 

*  Bull.  Tonrey  Club,  18  :  361,  362.     D  1891. 


Digitized  by 


Google 


OF  Georgia  during  the  season  of  1902  2\ 

day  (no.  I2g§),     Very  few  stations  for  this  in  the  Southeastern 
States  are  known,  probably  no  other  in  Georgia. 

Melanthium  dispersum  Small 

Several  specimens  collected  in  a  sandy  bog  in  the  pine-barrens 
east  of  Folkston,  Charlton  County,  in  full  bloom  on  the  morning 
of  August  1 2  {no,  ijod).  Previously  known  only  from  a  single 
imperfect  specimen  from  Walton  County,  Florida,  collected  by  A. 
H.  Curtiss  in  1885.  M,  Virginicum^  its  nearest  relative,  flowers 
a  month  or  two  earlier  in  Georgia. 

Uvularia  Floridana  Chapm.  (Oakesiella  Floridana  Small) 

Not  rare,  in  rich  damp  woods,  Dublin,  Laurens  County,  with 
full-grown  fruit  in  June  {no,  136J),  Seen  in  October  in  similar 
situations  near  Cuthbert.  The  fruit,  which  has  not  hitherto  been 
described,  furnishes  additional  characters  for  distinguishing  this 
species  from  its  congeners.  The  capsule  is  always  acuminate, 
tapering  into  a  short  beak,  instead  of  being  obtuse  as  in  the  two 
related  species,  U.  puberula  and  U,  sessilifolia.  The  bracted  pe- 
duncle mentioned  by  Chapman,  but  overlooked  by  Small,  seems 
to  be  also  a  perfectly  constant  character  which  is  not  shared  by 
the  other  species. 

Croomia  pauciflora  (Nutt.)  Torr. 

Collected  in  rich  shady  woods  on  the  bank  of  the  Chattahoo- 
chee River  in  Quitman  County,  October  16  {no.  1757),  with  flow- 
ers and  fruit  all  gone.  This  is  doubtless  the  only  station  in 
Georgia  now  known  for  this  rare  plant.  Its  resemblance  to 
Smilax  ecirrhata,  which  grows  with  it,  is  striking. 

Salix  Floridana  Chapm. 
I  refer  tentatively  to  this  almost  unknown  species  specimens 
collected  in  wet  woods  at  the  outer  (eastern)  base  of  the  sand-hills 
of  the  Ocmulgee  in  Pulaski  County  below  Hawkinsville,  June  27 
{no.  ij8i).  My  specimens  were  slender  erect  trees  about  ten  feet 
tall  and  two  inches  in  diameter,  with  tasteless  bark  roughish  below 
and  smooth  above.  The  twigs  were  very  brittle  not  only  at  the 
bases  but  throughout.     No  trace  of  fruit  was  found,  but  my  ma- 
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terial,  as  far  as  it  goes,  seems  to  be  a  perfect  match  for  the  type- 
specimen  in  the  Torrey  Herbarium,  collected  by  Dr.  Chapman  in 
West  Florida. 

QuERCus  myrtifolia  Willd. 

Abundant  on  the  driest  sand-hills  of  the  Satilla  River  in  Pierce 
County  near  Waycross,  where  with  other  shrubby  plants  (and  no 
herbs  or  trees)  it  forms  almost  impenetrable  thickets  six  to  ten  feet 
high  and  of  unknown  extent  {tio.  1^66).  This  locality  is  about  60 
miles  inland  and  100  feet  above  sea-level.  On  August  19  I  col- 
lected the  same  oak  in  a  thicket  of  similar  aspect,  but  somewhat 
different  composition,  in  the  interior  of  Cumberland  Island  {no. 
1540).  This  species  strikes  me  as  being  much  more  closely  re- 
lated to  Q.  nigra  L.  ((2-  aquatica  Walt.)  than  to  Q.  Virginiana,  of 
which  it  was  long  considered  a  variety. 

Polygonum  arifolium  L, 

In  the  swamp  of  the  Satilla  River  in  Camden  County  opposite 
Woodbine,  within  the  influence  of  tide,  but  in  fresh  water,  August 

23  {no.  156J).  My  specimens  are  all  sterile.  Previous  records 
of  the  occurrence  of  this  species  as  far  south  as  the  coast  of 
Georgia  seem  to  be  lacking.  With  it  I  found  among  other  things 
Juncus  Canadensis  J.  Gay,  which  was  also  a  novelty  in  these 
parts. 

Magnolia  macrophylla  Michx. 

This  tree  is  common  in  rich  woods  along  Samochechobee 
Creek  all  the  way  across  Clay  County  {no.  1793),  but  I  have 
never  met  with  it  elsewhere. 

Sarracenia  flava  X  minor  Harper,  Bull.  Torrey  Club,  30 : 

332.     Je  1903 

Although  described  from  a  single  specimen,  this  hybrid  seems 
to  be  not  particularly  rare  or  evanescent.  In  July,  1902,  I  found 
(and  photographed)  several  specimens  within  a  few  feet  of  each 
other  in  wet  pine-barrens  in  Douglas,  Coffee  County  {no.  I4J7\ 
Here,  as  at  the  type-locality  (about  sixty  miles  distant)  both  par- 
ents were  growing  in  the  immediate  vicinity.  The  hybrid  has 
shown  no  tendency  to  flower  yet. 
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Sarracenia  purpurea  L. 

After  looking  in  vain  for  this  species  in  Georgia  for  several 
years,  I  found  a  quantity  of  it  in  a  sandy  bog  in  Randolph  County 
not  far  from  Coleman  (which  is  several  miles  outside  of  the  pine- 
barrens)  on  October  28  {no.  ijSj),  About  the  same  time  Mr. 
Hyde  obtained  a  flowering  specimen  collected  by  the  late  Mrs. 
Sarah  Thompson  in  Lee  County,  May  11,  1895. 

Dr.  Mohr  in  his  **  Plant  Life  of  Alabama  "  says  nothing  about 
this  species  being  rare  in  that  state,  but  it  is  certainly  rare  in 
Georgia,  and  very  few  stations  for  it  are  known  in  the  other  south- 
ern states.  All  of  the  seven  known  species  of  Sarracenia  have 
now  been  found  in  the  coastal  plain  of  Georgia.  With  the  pos- 
sible exception  of  Florida,  no  other  state  is  known  to  contain 
them  all. 

Chrysobalanus  oblongifolius  Michx. 

Specimens  collected  in  Coffee  County  on  July  22  {?to,  1433) 
showed  a  variation  apparently  hitherto  unknown  in  this  species 
and  the  genus  and  family  to  which  it  belongs.  Many  of  the  flow- 
ers had  two  or  three  carpels,  and  several  specimens  showed  both 
or  all  three  well  on  the  way  to  maturity.  The  plants  were  per- 
fectly normal  in  other  respects,  and  there  is  no  reason  for  suppos- 
ing the  extra  number  of  carpels  a  freak.  It  is  simply  a  variation 
which  has  been  overlooked. 

CuBELiUM  concolor  (Forst.)  Raf 

Common  on  the  bank  of  the  Savannah  River  on  Germain's  Is- 
land, Columbia  County  (in  the  metamorphic  region),  June  7  {tio. 
/^P7).  Also  seen  among  limestone  rocks  in  woods  near  Grier's 
Cave,  Randolph  County,  October  23.  Not  previously  reported 
from  Georgia.  My  specimens  differ  from  those  which  have  been 
described,  in  being  glabrous  throughout,  but  seem  to  be  otherwise 
identical. 

Eryngium  Ludovicianum   Morong  {E.  integrifolium 
Ludoindanum  C.  &  R.) 

Observations  on  this  species  during  the  season  convince  me 
that  it  is  specifically  distinct  from  E.  integrifolium  Walt.  {E.  virga- 
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turn  Lam.).  While  the  two  species  are  similar  in  habitat,  their 
ranges  are  different.  Near  the  southern  border  of  the  state,  in  the 
counties  of  Lowndes,  Brooks  and  Thomas,  E,  integrifolium  alone 
occurs,  while  fifty  miles  farther  north,  in  the  vicinity  of  Tifton,  I 
have  seen  only  E,  Ludovicianum.  But  around  Moultrie,  an  inter- 
mediate point,  both  species  occur,  often  together,  without  showing 
any  tendency  to  intergrade. 

E,  integrifolium  has  much  the  wider  range,  even  in  Georgia, 
where  it  is  found  in  the  metamorphic  region  as  well  as  in  the 
coastal  plain.  It  is  represented  by  no.  1612,  from  Valdosta, 
September  5,  and  E,  Ludovicianutn  by  no,  1664.,  from  Colquitt 
County,  September  24. 

Panax  quinquefolium  L. 
In  rich  shady  woods  northwest  of  Cuthbert,  Randolph  County ; 
also  on  the  high  bluff  along  Samochechobee  Creek  in  Clay 
County.  Rarely  found  so  far  south,  these  localities  being  below 
latitude  32°.  I  have  heard  several  rumors  of  the  occurrence  of 
tliis  much-sought  plant  elsewhere  in  the  coastal  plain,  but  most 
of  these  on  being  investigated  prove  to  be  based  on  Tetragonotheca 
helianthoides  L.,  a  totally  dissimilar  plant  which  in  some  unac- 
countable way  has  also  received  the  name  of  "  ginseng,*' *  and 
moreover  is  said  to  possess  valuable  medicinal  properties,  being 
*'good  for  rheumatism." 

Chimaphila  maculata  (L.)  Pursh 
A  few  specimens  seen  on  September  29  in  rich  woods  near 
Little  River  southwest  of  Tifton,  Berrien  County.     This  species 
does  not  seem  to  have  been  found  so  far  south  before. 

Anantherix  connivens  (Baldw.)  Feay  ;  Wood,  Class  Book. 

594.  1 86 1 
The  authorship  of  this  combination  is  usually  credited  to  Gray 
(Proc.  Am.  Acad.  12  :  66.  1876),  but  it  was  published  in  Wood's 
Class  Book  several  years  earlier.  I  collected  this  species  in  full 
bloom  in  wet  pine-barrens  in  Coffee  County  near  Douglas,  July 
1 8  (fio.  1426),  and  observed  it  in  similiar  situations  in  several  other 

♦This  fact  was  noted  by  Messrs.  Pollard  and  Maxon  in  1900.     See  Plant  World, 
3  :  I4«-     i>  1900- 
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Southeast  Georgia  counties.     It  seems  to  be  always  scarce,  rarely 
more  than  three  or  four  specimens  being  visible  at  once. 

DiCERANDRA  ODORATissiMA  Harper,  Bull.  Torrey  Club,  28 : 

479-      1 90 1 

Collected  on  the  sand-hills  of  Little  River  southwest  of  Tifton, 
Berrien  County,  September  30  {no,  16^5),  At  this  station, 
which  is  probably  near  the  western  limit  of  the  species  (sand-hills 
being  rare  farther  west),  the  plants  are  much  less  abundant  and 
vigorous  than  at  the  type-locality,  forty  miles  farther  east. 

Gerardia  Georgiana  C.  L.  Boynton,  Biltmore  Bot.  Stud,  i : 

148.  1902' 
Collected  in  rather  dry  pine-barrens  around  a  small  pond  in 
Thomas  County  south  of  Thomasville  on  the  morning  of  Septem- 
ber 19  {no,  i6jy).  Intimately  associated  with  G.  paupercula 
(Gray)  Britton  {no,  i6j8),  which  it  much  resembles,  though  this 
is  not  necessarily  its  nearest  relative.  Previously  known  only 
from  the  type-locality,  near  Cordele.  One  character  overlooked 
by  the  author  is  that  the  corolla  of  G,  Georgiana  is  spotless.  I 
find  that  the  markings  of  the  corollas  in  Gerardia,  which  can  be 
studied  to  advantage  only  in  living  specimens,  often  afford  valuable 
diagnostic  characters. 

Gerardia  fjlicaulis  (Benth.)  Chapm. 

Seen  only  in  rather  dry  grassy  pine-barrens  near  Tyty,  Worth 
County,  on  the  morning  of  September  30  {no.  16^8),  Fairly 
abundant  but  very  inconspicuous.  Not  previously  reported  north 
of  Florida. 

Lobelia  flaccidifolia  Small 

Collected  in  the  swamp  of  Cedar  Creek  near  Wrightsville, 
Johnson  County,  in  flower  June  16  {no,  IJ41),  also  in  the  swamp 
of  Ochlocknee  Creek  near  Moultrie,  Colquitt  County,  September 
25  {no,  i6j6).     Flowers  earlier  than  most  species  of  Lobelia. 

EUPATORIUM   incarnatum  Walt. 
Seen  only  in  the  rocky  woods  near  Grier's  Cave,  Randolph 
County,  in  flower  October  23  {no,  1771),     Probably  not  known 
elsewhere  in  Georgia.     Dr.  Mohr  reports  but  one  station  for  it  in 
Alabama. 
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Chrysopsis  pinifolia  Ell. 

On  the  fall-line  sand-hills  near  Butler,  Taylor  County,  No- 
vember 6  {no,  1802).  The  only  earlier  specimen  I  have  seen  was 
collected  by  Elliott  himself  in  the  same  region.  This  species  be- 
comes stoloniferous  late  in  the  season,  a  fact  which  has  not  been 
noted  before. 

Solidago  AMPLEXicAULis  T.  &  G.  Fl.  N.  A.  2 :  218.      1842 

Not  rare  in  rich  shady  woods  in  Randolph  County  northwest 
of  Cuthbert,  in  full  bloom  on  October  21  (no,  176^),  Not  pre- 
viously reported  from  Georgia.  This  species  was  named  in  a  rather 
unusual  way.  The  authors  when  describing  it  assumed  it  to  be 
the  same  as  5.  amplexicaulis  Martens,*  of  which  they  had  seen 
the  name  but  not  the  description.  Soon  afterward  f  they  found 
that  Martens'  S.  amplexicaulis  was  a  synonym  of  S,  Riddellii 
Frank.  According  to  the  views  held  at  that  time,  this  necessitated 
no  change  in  the  name  of  Torrey  and  Gray's  plant,  but  on  the 
principle  of  *'  once  a  synonym  always  a  synonym,"  it  would  have 
to  be  changed.  This  is  a  case  which  seems  to  have  escaped  the 
attention  of  the  nomenclature  reformers. 

Baldwinia  atropurpurea  Harper,  Bull.  Torrey  Club,  28: 
483.      1901 

At  the  time  I  described  this  species  I  had  some  doubts  as  to 
its  validity,  but  I  have  none  now.  In  1902  I  collected  it  near 
Moultrie  on  September  20  {jio.  16^4),  and  in  the  next  two  weeks 
saw  it  at  many  other  places  in  the  counties  of  Colquitt,  Worth, 
Berrien,  Irwin  and  Dooly,  always  in  moist  slightly  sloping  pine- 
barrens.  It  grows  in  wetter  places  than  does  B,  uniflora  (but  the 
two  species  are  often  found  near  together),  and  flowers  several 
weeks  later.  I  find  also  that  its  involucral  bracts  are  smaller  and 
more  numerous  than  those  of  its  congener.  Also  that  the  stems 
are  usually  purplish  at  the  base,  and  commonly  produce  more 
branches  (and  consequently  more  heads)  than  in  B,  uniflora. 
There  is  not  the  slightest  possibility  of  confusing  the  two  species, 
and  it  is  remarkable  that  B.  atropurpurea  was  overlooked  so  long. 

*Bull.  Acad.  Brux.  8:  66.      1841. 
tFl.  N.  A.a:  504.     1843. 
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Marshallia  ramosa  Beadle  &  Boynton,  Biltmore  Bot. 
Stud.  1 :  8.  //.  2.     1901 

In  dry  pine-barrens  and  at  bases  of  imperfectly  developed 
sand-hills  in  Johnson  county  near  Wrightsville.  In  flower  June 
16  {no,  134.2),  This  seems  to  be  the  second  collection  made  of 
this  species.  Its  corollas  are  decidedly  paler  than  those  of  the 
common  species,  M,  graminifolia^  being  nearly  white. 

Mesadenia  sulcata  (Femald)  Small  {Cacalia  sulcata  Femald) 

Collected  in  wet  woods  about  a  mile  east  of  Killen,  Clay 
County,  October  29  {no,  1792),  also  seen  in  similar  places  in  Ran- 
dolph County  south  of  Cuthbert.  The  affinity  of  this  species 
with  Cacalia  ovata  Ell.  (which  may  not  be  the  same  as  C.  ovata 
Walt),  to  which  Mr.  Femald  compared  it,  is  rather  remote.  It 
is  much  more  closely  related  to  M,  tuberosa  (Nutt.)  Britton  and 
M,  Floridana  (Gray)  Greene.  These  three  species,  tuberosa,  sul- 
cata and  Floridana,  differing  from  each  other  principally  in  range, 
habitat  and  shape  of  leaves,  form  a  small  group  characterized  by 
grooved  or  sharply  angled  stems,  plantain-like  leaves  green  on 
both  sides  and  tapering  at  the  base,  and  especially  by  the  winged 
keels  of  the  involucral  bracts.  This  latter  character  was  over- 
looked t^  the  authors  of  the  two  latter  species  and  is  very  rarely 
mentioned  in  descriptions,  being  inconspicuous  in  dried  specimens. 
The  wings  are  usually  1-2  mm.  broad. 

A  specimen  collected  by  A.  H.  Curtiss  on  '*  Borders  of 
swamps,  Walton  County,  Florida,"  in  September,  probably  many 
years  ago  {no.  1560,  distributed  as  Cacalia  Floridana),  is  Mesa- 
denia sulcata.  In  the  Biltmore  Herbarium  there  are  specimens  of 
it  collected  at  different  points  in  the  same  county,  August  i,  1899, 
and  September  26,  1900. 

College  Point,  N.  Y. 
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The  Pablications  of  the  Department  of  Botany,  Co- 
lumbia University f  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Specres  of 

the  ^tnus  Pofy^-onum.     Pp.178.    84  plates.    1895.    Price, 

six  dollars. 
Vol.11.   Rydberg.    A  Monograph  of  the  North  American  Poten- 

tilieae.     Pp.224.'    112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  I-2S  ( 1 886-1 892).  Out  of  print,  except  Nos.  6,  7, 
1 1,  13, 17,  20,  21,  22,  24.  These  can  be  supplied  at  twenty 
five  cents  each,  except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
and  39  are  out  of  print ;  other  numbers  can  be  supplied  at 
twenty  five  cents  each,  except  No.  35,  which  is  one  dollar 
and  a  half. 

Vol.  III.  Nos  51-75  (1894-1895).  Nos.  52,  54,  60,  and  72  are 
out  of  print;  others  can  be  supplied  at  twenty  five  cents 
each. 

Vol.  IV.  Nos.  76-100  (1895-1896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897). .  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifly  cents, 
and  No.  loi  which  can  only  be  supplied  with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume ;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.   No.  201 — (current). 

*  Nos.  157  and  158,  with  the  set  of  nine  papers  by  Mr.  Bicknell  on  SisyrincJkiut/t^ 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany. 

New  York  city. 
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\Frofn  the  Bui.x.bt-in  op  the  Tobrey  Botanical  Club,  31 :  291-303.     May,  1904.] 


The  effect  of  chemical  irritation  on  the  respiration  of  fungi 

Ada  Watterson 

The  effect  of  chemical  irritation  upon  the  growth  of  fungi  has 
been  the  subject  of  considerable  study  for  a  number  of  years  past. 
The  results  obtained  by  Raulin,  *  Richards,  f  Ono,  J  Hattori,  § 
and  others  have  gone  to  prove  that  certain  metallic  salts,  in  small 
quantities,  stimulate  the  metabolic  activity  of  various  fungi  and 
thereby  induce  a  more  rapid  growth  than  is  normal.  This  action 
is  interpreted  by  Richards  ||  as  being  a  means  by  which  the  plant 
is  enabled  to  dispose  more  economically  of  the  sugar  or  other 
source  of  the  carbohydrates  required  in  growth. 

The  fungi  used  by  Richards  in  his  experiments  were  Stcrig- 
tnatocystis  {Aspergillus)  niger^  Penicillium  glaucum,  and  Botrytis,  and 
the  substances  which  served  as  irritants  were  zinc,  iron,  cobalt  and 
nickel  sulphates,  NaFl,  LiCl,  NagSiOj,  cocaine,  morphine  and 
amygdalin.  Ono  made  use  of  the  same  irritants  with  the  addition 
of  HgClj.  Hattori  experimented  with  CuSO^ ;  Yasuda^l  with 
certain  alkaloids  ;  Hueppe  **  found  the  activities  of  bacteria  stimu- 
lated by  certain  poisons.  Schultz  ff  likewise  observed  an  accelera- 
tion of  fermentation  in  yeast  following  the  addition  of  small  quan- 
tities of  poisonous  substances,  but  whether  this  was  due  to  a  more 


*  Raulin,  J.     fetudes  chimiques  sur  la  v6g6tation  ;  deuxi^me  partie.     Ann.   Sci. 
Nat.  BoL  V.  IX  :  190-299.     1869. 

t  Richards,    H.    M.     Die   Beeinflussung  des  Wachsihums  einiger   Pilze  durch 
c^emische  Reize.     Jahrb.  Wiss.  Hot.  30  :  665-688.     1897. 

X  Ono,  N.     Ueber  die  Wachsthumsbeschleunigung  einiger  Algeq  und  Pilze  durch 
cbemische  Reize.     Jour.  Coll.  Sci.  Imp.  Univ.  Tokyo,  13  :  141- 186.     1900. 

J  Hattori,  H.     Sludien   Uber  die  Einwirkung  des  Kupfersulfats  auf  einige  Pflan- 
nsk.     Jour.  Coll.  Sci.  Imp.  Univ.  Tokyo,  15  :  371-394.     1901. 

I  Richards,  H.  M.     The  effect  of  chemical  irritation  on  the  economic  coefficient 
of  sugar.     Bull.  Torrey  Club,  26  :  463-479.     1899. 

^  Yasuda,  A.     On  the  effect  of  alkaloids  upon  some  moulds.     Bot.  Mag.  Tokyo, 

**,Hucppc,  F.  Naturwissenschaftliche  Einfilhrung  indie  Bakteriologie,  55.    Wies- 
fcadcn,  1896.     (Not  seen.) 

ff  Schulte,  H.     Pfliiger*s  Archiv.  4a  :  — .     1888.     (Reference  in  Bot.  Zeitung, 
46.610.      1888.) 
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rapid  growth  and  division,  or  to  greater  activity  of  the  individual 
cells,  has  not  been  determined. 

Experiments  were  likewise  performed  by  Ono  on  algae  with 
like  results  except  that  the  optimum  concentration  of  the  stimu- 
lants was  much  smaller.  Similar  work  has  been  done  on  the 
phanerogams  by  Copeland  and  Kahlenberg  *  using  pure  metals  as 
stimulants,  by  Townsend  f  with  ether  and  HCl,  and  by  Kahlen- 
berg and  True.  J  Chapin  §  also  found  an  increase  in  the  growth 
of  certain  seedlings  due  to  the  presence  in  the  atmosphere  of 
small  amounts  of  CO^,  larger  quantities  of  which  acted  as  a  poison. 

In  all  of  these  cases  the  amount  of  stimulation  is  indicated  by 
the  increase  in  the  plant  body,  as  shown  by  dry  weight  in  the  case 
of  the  fungi  and  algae,  and  by  the  increased  surface  of  the  organs 
of  phanerogams.  It  is  well  known,  however,  ||  that  only  a  part  of 
the  nutrient  material  absorbed  by  the  plant  is  used  to  build  up  its 
living  substance  ;  a  part  is  continually  being  oxidized  to  provide 
the  necessary  energy  for  carrying  on  life-processes.  Fully  to  de- 
termine, therefore,  the  relation  between  the  plant  and  its  food- 
supply,  one  would  have  to  take  into  account  both  the  amount  of 
the  latter  which  is  used  as  constructive  material,  measured  by  the 
increased  weight  or  size  of  the  plant,  and  that  which  undergoes 
katabolic  changes  during-  which  COj  and  other  waste  products 
are  liberated. 

Richards'  experiments  were  concerned  with  the  first  factor, 
that  is,  the  amount  of  dry  substance  produced  and  its  relation  to 
the  amount  of  sugar  used,  or  the  economic  coefficient.  Ono  con- 
firmed his  results,  and  in  addition  he  determined  the  relative  quan- 
tities of  oxalic  acid  produced  by  fungi  under  normal  conditions 
and  under  stimulation,  finding  a  decrease  in  the  latter  case  with  all 
substances  tried  except  NiSO^.     To  account  for  this  Ono  suggests 

♦Copeland,  E.  B.,  and  Kahlenberg,  L.  The  influence  of  the  presence  of  pure 
metals  upon  plants.     Trans.  Wise.  Acad,  xa  :  454-474.     1899. 

t  Townsend,  C.  O.  The  correlation  of  growth  under  the  influence  of  injuries. 
Ann.  Bot.  11  :  509-532.  1897.  —  The  efi*ect  of  hydrocyanic  acid  gas  upon  grains  and 
other  seeds.     Bot.  Gaz.  31  :  241-264.     1901. 

i  Kahlenberg,  L.,  and  True,  R.  H.  On  the  toxic  action  of  dissolved  salts  and 
their  electrolytic  dissociation.     Bot.  Gaz.  22  :  81-124.      1896, 

§  Chapin,  P.  Einfluss  der  Kohlens^ure  auf  das  Wachsthum.  Flora,  91  :  34S- 
379.     1902. 

II  Pfeffer,  \V.     Physiology  of  plants,  ed.  2,  i  :  287,  523.      1900. 
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• 
that  the  carbohydrate  which  during  normal  growth  is  decomposed, 

in  the  processes  of  metabohsm,  to  form  oxalic  acid,  is  not  so 
transformed  during  the  accelerated  growth  resulting  from  stimula- 
tion, but  is  immediately  changed  into  constructive  material  for  the 
plant  body.  Of  this,  the  decrease  in  the  economic  coefficient 
(/.  ^.,  ratio  of  dry  weight  to  sugar  used)  of  the  stimulated  cultures 
seems  an  indication.  Oxalic  acid  is  not,  however,  the  only  waste 
product  of  metabolism.  Since,  according  to  Pfeffer,*  **  a  decreased 
formation  of  oxalic  or  other  organic  acids  is  accompanied  by  an 
increase  in  the  ratio  of  COj  exhaled  to  the  oxygen  absorbed,'* 
the  amount  of  COg  given  off  under  the  varying  conditions  must 
also  be  reckoned  with ;  it  must  be  determined,  that  is,  whether 
all  the  additional  carbohydrate  normally  used  to  produce  oxalic 
acid  is  now  transformed  into  formative  substance,  or  whether 
part  of  it  may  be  wholly  oxidized  to  produce  larger  quantities  of 
COj.  This  ratio  of  the  dry  substance  produced  to  the  amount  of 
CO,  exhaled,  or  the  respiratory  quotient,  was  found  by  Kunst- 
mann  t  to  vary  with  changing  conditions,  decreasing  with  a  rise 
of  temperature  or  with  higher  concentrations  of  the  nutrient  solu- 
tion. The  effect  of  chemical  stimulation  was  not  included  among 
the  conditions. 

The  effect  of  such  stimulation  upon  respiration  alone  without 
regard  to  the  possible  acceleration  of  growth  ensuing  was  studied 
by  Jacobi,t  who  obtained  an  increase  in  amount  of  COj  pro- 
duced by  certain  phanerogams,  due  to  the  influence  of  KCl,  NaCl, 
KNOj,  iodine,  chinin,  antipyrin,  oxalic  acid  and  various  organic 
substances.  Copeland  X  obtained  similar  results  ;  and  likewise 
Kosinski  §   in   the  case  of  fungi.     Morkowin  ||   found  a  decided 

*Pfeffcr,  W.     Physiology  of  plants,  ed.  2,  i  :  527.     1900. 

t  Kanstmann,  H.  Ueber  das  Verhftltois  zwischen  Pilzernte  und  verbrauchter 
Nahnmg.     Leipzig.     1895.     [Inaug.  Diss.] 

X  Jacobi,  B.  Ucber  den  Einfluss  verschiedencr  Substanzen  auf  die  Atbmung  und 
Assimilation  sabmerser  Pflanzen.     Flora,  86  :  289-327.     1899. 

I  Copeland,  Bot.  Gaz.  35  :  81-98,  160-183.     1903. 

n  Kosinski,  I.  Die  Atbmung  bei  Hungerzust&nden  und  unter  Einwirkung  von 
mechanischen  und  chemischen  Reizmitttein  bei  Aspergillus  niger,  Jahrb.  Wiss.  Bot. 
37: '37-204.     1901. 

^  Morkowin,  N.  Recberches  sur  T influence  des  anestb^siques  sur  la  respiration 
dcs  plantes.  Revue  G6n.  de  Bot.  ix  :  289-303,  341-352.  1899.  — Ueber  den  Ein- 
fluss der  Keizwirkunzen  auf  die  intramoleculare  Atbmung  der  Pflanzen.  Ber.  Deut. 
Bot  Gcs.  21  :  72.     1903. 
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increase  in  the  intensity  of  respiration,  both  normal  and  intra- 
molecular, of  etiolated  leaves  and  shoots  under  the  influence  of 
ether,  alcohol  and  various  alkaloids.  Pfeffer  states  *  that  accord- 
ing to  Elfving  and  Lauren  adult  parts  of  higher  plants,  where 
stimulation  is  unaccompanied  by  growth,  react  in  the  same  manner 
to  a  short  treatment  with  ether  and  chloroform  ;  he  notes  how- 
ever that  Detmer  and  also  Bonnier  and  Mangin  found  no  such 
reaction. 

Summarizing  then,  the  results  quoted,  we  find  that  small 
quantities  of  certain  poisonous  substances  act  as  stimulants,  increas- 
ing the  growth  of  certain  plants ;  they  also  increase  respiration, 
but  what  relation  the  latter  increase  bears  to  the  former  is  not 
determined.  Since,  however,  in  the  case  of  fungi,  it  has  been 
found  that  stimulation  raises  the  economic  coefficient  of  the  sugar, 
/.  e.,  allows  the  plant  to  make  use  of  the  sugar  to  form  a  greater 
amount  of  dry  substance  in  a  given  time,  the  question  of  the 
amount  of  COj  which  is  produced  at  the  same  time  becomes  one 
of  interest. 

This  problem  was  suggested  to  me  by  Dr.  H.  M.  Richards, 
to  whom  I  wish  to  express  my  gratitude  for  his  interest  and  valu- 
able assistance.  The  work  was  done  in  the  botanical  laboratory 
of  Barnard  College  during  the  winters  of  1 901-1902  and  1902- 
1903. 

Two  kinds  of  apparatus  have  been  employed  in  carrying  on  this 
work,  one  that  of  Godlewski  described  by  Kunstmann  f  the  other 
a  modification  of  the  Pfeffer-Pettenkofer  apparatus.  In  all  the 
experiments,  however,  the  fungi  used  were  Sterigmatocystis  nigra 
dXiA  Penicilliutn  glaucum.  The  formula  for  the  nutrient  solution 
was  that  given  by  Richards  :  % 

KHjPO^ o.osg 

MgSO^  o.25g, 

NH.NO, i.oog 

FeSO^ trace, 

Sugar 5-oog. 

Water loocm 

Only  the  purest  chemicals  and  sugar  obtainable  were  used. 


f  Pfeffer,  W.     Physiology  of  plants,  Ed.  2,  i  :  564.      1900. 

t  Kunstmann,  /.  c.  10.     1895. 

X  Richards.     Jahrb.  Wiss.  Bot.  30  :  667.      1 897. 
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and  the  water  was  twice  distilled.  The  dishes  and  flasks  in  which 
the  cultures  were  grown  were  rinsed  with  dilute  HCl,  carefully 
washed  with  double-distilled  water  and  dried  in  a  dry  sterilizer. 
The  spores  were  sown  by  rubbing  small  pieces  of  glass  rod, 
exactly  equal  in  size,  upon  the  dry  stock  supply,  and  then  trans- 
ferring them  to  the  dishes  by  means  of  glass  tipped  forceps.  It  was 
found  convenient  to  keep  a  supply  of  the  concentrated  nutrient 
solution  on  hand,  containing  all  the  ingredients  except  sugar. 
The  necessary  amount  was  diluted  and  the  sugar  added  when  the 
series  was  set  up. 

At  first  the  Godlewski  apparatus  used  by  Kunstmann  was 
employed.  This  consisted,  in  brief,  of  a  bell-jar  enclosing  two 
crystallizing  dishes ;  the  smaller  of  these  held  the  fungus  growing 
on  75  c.c.  of  the  nutrient  solution,  and  rested  upon  a  glass  strip 
placed  across  the  larger  dish  which  contained  150  c.c.  of  a  10  per 
cent,  solution  of  KOH.  The  mouth  of  the  jar  was  closed  with  a 
rubber  cork  provided  with  two  holes  through  one  of  which  passed 
a  thermometer,  and  through  the  other  a  glass  tube  leading  to  a 
mercury  valve,  with  which,  in  turn,  was  connected  a  KOH  tube 
in  such  a  way  that  air  could  pass  into  the  jar,  but  could  not  escape 
from  it.  The  bell-jar  was  sealed  to  a  ground  glass  plate  by  means 
of  vaseline  and  the  joining  was  then  painted  with  two  coats  of 
shellac  to  make  it  water  tight.  Three  jars  were  used,  one  to 
serve  as  a  control,  and  two  for  the  experiment ;  the  results  given 
are,  unless  otherwise  stated,  the  average  of  the  two  grown  at  the 
same  time  and  under  the  same  conditions.  The  greatest  difficulty 
was  experienced  in  keeping  the  cultures  at  an  even  temperature, 
approximately  near  the  optimum  for  Sterigmatocystis,  which  is 
30-34°  C.  The  plan  finally  followed  was  to  place  all  three  jars 
in  a  zinc  trough  partly  filled  with  water,  the  temperature  of  which 
would  change  more  slowly  than  that  of  the  air,  and  then  to 
enclose  the  whole  in  a  wooden  box  placed  near  a  steam  radiator. 
Under  these  conditions  the  temperature  was  raised  to  the  neigh- 
borhood of  30*^  C,  and  varied  not  more  than  three  or  four  de- 
grees during  any  one  experiment. 

At  the  close  of  the  experiment  the  fungus  was  killed  with 
formalin  as  soon  as  the  jar  was  opened,  washed  with  distilled 
water,  collected  in  weighed  filter  papers,  dried  in  an  oven  at  a 
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temperature  of  70°  C,  and  after  cooling  in  a  dessicator  was  care- 
fully weighed.  The  KOH  was  diluted  to  250  c.c;  the  CO,  was 
precipitated  out  of  it  by  an  equal  quantity  of  barium  hydrate,  and 
the  alkalinity  of  the  remaining  KOH  was  determined  by  titrating 
in  the  usual  way  with  HCl  of  such  strength  that  i  c.c.  of  the 
acid  =  I  mg.  of  CO^.  The  result  was  then  subtracted  from  that 
obtained  by  treating  a  certain  amount  of  the  stock  KOH  in  the 
same  way,  and  thus  the  amount  of  CO^  given  off  by  the  fungus 
was  obtained.  The  results  are  given  in  milligrams  both  for  the 
weight  of  the  fungus  and  the  amount  of  COj  given  off. 

At  the  same  time  a  series  of  experiments  was  carried  on  with  a 
form  of  the  Pfeffer-Pettenkofer  respiration  apparatus.  The  par- 
ticular object  in  using  this  was  to  determine  the  rate  of  respiration 
during  short  intervals  of  time.  Certain  practical  difficulties  made 
this  impossible,  however,  at  that  time,  and  the  attempt  was 
abandoned.  Later,  the  same  apparatus  was  started  again  in  a 
slightly  different  way ;  /.  c,  a  strong  solution  of  KOH  was  used 
and  the  same  experiment  was  continued  for  a  week  at  a  time.  It 
was  set  up  in  the  dark  room,  which,  being  small  and  kept  care- 
fully closed,  could  be  maintained  at  a  comparatively  even  tempera- 
ture in  the  neighborhood  of  24°  C. 

The  air  in  entering  the  apparatus  passed  through  three  U-tubes 
filled  with  pumice  stone  wet  with  a  strong  solution  of  KOH  which 
was  frequently  renewed.  A  Ba(OH),  test-bottle  was  placed  in 
the  course  to  prove  that  no  COg  passed  over  to  the  cultures,  and 
the  air  was  then  distributed  to  these,  four  in  number,  by  means  of 
a  T-tube  and  two  Y -tubes.  The  cultures  were  grown  in  Erben- 
meyer  flasks  of  about  250  c.c.  capacity,  in  which  only  75  c.c.  of 
the  nutrient  solution  was  used.  This  brought  the  film  of  myce- 
lium at  the  level  of  the  widest  diameter  of  the  flask  and  the  flasks 
were  all  as  nearly  as  possible  of  the  same  diameter.  Between  the 
culture  flasks  and  the  Pettenkofer  tubes  were  interposed  large 
test-tubes  to  prevent  any  possible  backward  flow  of  the  KOH  into 
the  culture  flasks;  150  c.c.  of  a  10  per  cent,  solution  of  KOH 
was  introduced  into  the  absorption  tubes  by  means  of  a  large 
pipette  ;  the  stock  solution  was  kept  in  a  tightly  stoppered  bottle 
sealed  with  vaseline.  At  the  exit  end  of  the  tubes  were  placed 
screw  pinch-cocks  to  regulate  the  amount  of  air  drawn  through 
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the  apparatus,  which  was  measured  by  the  size  and  rate  of  flow 
of  the  bubbles  of  air  in  the  tubes.  Any  slight  difference  in  the 
rate  of  flow  would  be  of  no  importance  when  the  length  of  time 
during  which  the  experiment  ran  —  six  to  nine  days  —  is  taken 
into  consideration.  Between  the  tubes  and  the  aspirator  were 
inserted  Ba(OH)2  test-bottles.  The  aspirator  was  a  simple  one 
fastened  to  the  water  faucet. 

At  the  close  of  the  experiment  the  aspirator  was  shut  off",  the 
stop-cocks  closed,  the  cultures  immediately  killed  with  formalin, 
and  the  contents  of  the  tubes  quickly  emptied  into  bottles  which 
were  tightly  corked.  The  amount  of  COg  absorbed  was  obtained 
by  titration  as  before. 

The  metallic  salts  used  as  irritants  in  these  experiments  were 
ZnSO^,  FeSO^  and  LiCl.  In  each  case  such  a  concentration  was 
used  as  had  been  found  by  Richards  to  be  most  favorable  for  an 
increased  growth  of  the  fungus.  A  i  per  cent,  stock  solution  of 
anhydrous  ZnSO^  was  made  carefully  ;  of  this,  .3  c.c.  was  used 
for  75  c.c.  of  the  nutrient  solution,  giving  thus  a  .004  per  cent, 
solution  or,  expressed  in  terms  of  a  normal  (gram  equivalent) 
solution,*  .00049 ;  of  the  FeSO^,  a  .082  per  cent,  solution  was 
used,  or  .01078  normal ;  and  of  LiCl,  a  .162  per  cent,  solution 
or  .03822  normal. 

In  the  following  tables  the  results  of  the  experiments  are  pre- 
sented. In  the  first  are  given  five  series  carried  on  with  the 
Kunstmann  apparatus,  for  three  or  four  days  at  a  temperature  of 
28°-3i^  C.  The  irritant  was  ZnSO^.  In  the  first  column  are 
given  the  dry  weights  of  the  cultures,  both  normal  and  irritated  ; 
in  the  second  the  amount  of  CO^  given  off"  by  each,  expressed  in 
millegrams ;  and  in  the  third  the  ratio  of  the  weight  to  the  COj. 
On  examination  of  these  figures  it  is  evident  that  the  addition  of 
the  zinc  has  caused  an  increase  in  the  growth  of  the  fungus  and 
there  has  been  likewise  an  increase  in  the  amount  of  COj  respired. 
The  amount  of  COj  respired  is  sometimes  less  than  the  corre- 
sponding weight  of  the  culture,  sometimes  more,  but  when  one 
compares  the  ratios  of  the  two  cultures  in  any  one  series,  one 
finds  very  little  difference  between  them  ;  that  is,  the  increase  in 
respiration  has  been  correspondingly  great  in  both,  with  perhaps 

*  Livingston,  B.  E.    The  role  of  diffusion  and  osmotic  pressure  in  plants,  22.     I903< 
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a  slight  advantage  on  the  side  of  the  irritated  fungus.  There  is 
one  exception  to  this,  the  fourth  series,  where  the  difference  is 
unaccountably  great,  owing  to  an  unusually  large  evolution  of 
CO2  from  the  stimulated  culture.  The  increase  in  the  amount 
of  CO2  given  off  is  therefore  but  little  greater  than  might  naturally 
be  expected  from  the  increased  respiratory  surface  due  to  the 
greater  growth  of  the  fungus. 

The  second  table  shows  the  results  of  five  experiments  per- 
formed with  the  Pettenkofer  apparatus*;  the  cultures,  being  grown 
at  a  lower  temperature,  20-24°  C,  were  allowed  to  run  for  a 
longer  time :  five,  six,  or  seven  days.  In  these,  the  figures  for 
the  irritated  fungus  represent  the  average  of  three  cultures,  grown 
under  precisely  similar  conditions.  Here  too  the  ratios  are  very 
near  one  another.  It  is  noticeable  however  that  the  difference, 
such  as  it  is,  is  reversed  in  the  second  table,  in  all  but  one  case, 
and  the  respiration  of  the  normal  grown  in  the  Pettenkofer  appa- 
ratus is  therefore  apparently  a  little  greater,  relatively,  than  that 
of  the  irritated  fungus.  The  cause  of  this  reversal  of  the  ratios 
obtained  by  the  two  methods  I  have  not  been  able  to  determine, 
but  the  difference  is  too  slight  to  be  of  any  importance.  In 
Tables  IX  and  X  are  given  the  same  figures  as  in  I  and  II,  but 
the  averages  are  found  for  the  weights,  COg,  and  ratios  of  each  set 
of  series ;  that  is,  for  the  series  obtained  by  the  Kunstmann  method 
(Table  IX),  the  average  ratio  of  weight  to  COg  for  the  normal  is 
.98,  for  the  stimulated  culture  is  1.18  ;  for  those  in  the  Petten- 
kofer apparatus  (Table  X)  the  average  is  i .  1 6  for  the  control  as 
against  .94  for  the  stimulated  fungus. 

Bearing  these  figures  in  mind,  let  us  refer  again  to  Ono's  ex- 
periments in  determining  the  amount  of  oxalic  acid  produced  by 
fungi  during  growth  under  stimulation.  With  all  the  irritants 
used,  with  the  exception  of  NiSO^,  he  found  a  more  or  less  marked 
decrease  in  the  production  of  oxalic  acid,  a  decrease  shown  (to 
quote  some  of  his  figures)  *  by  the  difference  between  2.58  acid  for 
every  gram  of  dry  weight  of  the  normal,  and  0.428  for  the  cul- 
ture to  which  has  been  added  .003  per  cent  ZnSO^,  The  duration 
of  this  experiment  was  twenty-seven  days  and  the  temperature 
16-20°  C.     Ono  suggests  three  possible  explanations  for  this  de- 

*Ono,  /.  r.  174.      1900. 
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crease :  *  (i)  Although  oxalic  acid  is  a  normal  product  of  metab- 
olism of  the  fungus,  it  is  to  be  regarded  nevertheless  as  a  product 
of  incomplete  oxidation,  and  if  the  metabolic  activity  were  in- 
creased, more  COg  might  be  produced  and  therefore  less  oxalic 
add.  (2)  The  same  result  would  occur  in  case  the  acid  should  dis- 
appear through  a  further  "working-over"  on  the  part  of  the  fun- 
gus. Thereby  it  could  be  taken  up  again  as  building  material  or 
be  decomposed  without  being  useful  to  the  fungus.  Yet,  as  shown 
by  Wehmer,t  oxalic  acid  is  poor  food  stuff  for  Aspergillus,  and  in 
the  presence  of  a  plentiful  supply  of  sugar  would  probably  re- 
main intact.  (3)  Those  materials  (carbohydrates,  etc.)  which  in 
normal  growth  are,  by  metabolism,  transformed  in  part  into  oxalic 
acid,  in  consequence  of  increase  in  growth  due  to  the  stimulation 
are  not  separated  out  in  that  form,  but  are  changed  directly  into 
the  fungus  body,  in  short,  are  applied  as  formative  material. 

Of  these  three  possibilities,  Ono  concludes  from  his  experi- 
ments that  the  third  is  the  true  explanation,  since  in  every  case 
the  economic  coefficient  was  much  greater  in  the  control  than  in 
the  stimulated  fungus.  **  Dieses  Verhaltnis  deutet  also  an,  das 
die  Pilze  bei  Anvesenheit  von  Zinksulfat  veranlasst  wurden,  mit 
einem  verhaltnismassig  kleinen  Verbrauch  von  Zucker  eine  bedeu- 
tend  grossere  korpersubstanz  aufbauen  zu  konnen."  %  This  was 
also  the  conclusion  reached  previously  by  Richards.  § 

Further  support  is  now  given  to  this  explanation  by  the  results 
presented  here,  since  Ono's  first  suggestion  is  thereby  eliminated ; 
that  is,  the  present  figures  show  that  an  amount  of  COg  is  pro- 
duced by  the  stimulated  fungus  which  varies  a  little,  bemg  either 
more  or  less  relatively  to  the  weight  of  the  fungus  than  that  pro- 
duced by  the  normal,  but  still  remains  comparatively  close  to  the 
latter.  The  increase  in  metabolic  activity  has,  therefore,  not  in- 
creased (relatively)  the  production  of  COg  although  the  formation 
of  oxalic  acid  under  similar  conditions  was  materially  checked, 
and  the  carbohydrates  formerly  used  in  the  manufacture  of  the 
latter  must  consequently  be  devoted  to  the  building  up  of  new 
substance  in  the  plant. 

*  IJem,  157.      1900. 

fWehmer,  Bot.  Zeitung,  49  :  553.     1891. 
iOoo,  /.  r.  160.     1900. 

\  Richards,  H.  M.  The  effect  of  chemical  irritation  on  the  economic  coefficient  of 
sogar.     Bull.  Torrey  Club.  26:  463-479.     1899. 
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In  Table  III  two  series  are  shown,  in  which  glycerine  was 
used  instead  of  sugar  as  the  source  of  the  carbohydrate.  All  of 
the  figures  here  are  rather  low,  owing  to  the  slower  growth  of 
Sterigmatocystis  in  such  a  nutrient  medium  ;  the  ratios,  however, 
bear  much  the  same  relation  to  one  another  as  in  the  preceding 
series,  .61  and  .69  (normal)  to  ,jy  and  .68  (stimulated),  respectively. 

In  the  experiments  recorded  in  Table  IV,  .082  per  cent  (.01078 
normal)  FeSO^  was  used  as  the  stimulant,  since  this  concentration 
is  near  that  which  caused  the  greatest  increase  in  growth  in  Rich- 
ards' experiments.  A  .162  per  cent.  (.0381  normal)  solution  of 
LiCl  was  also  tried  (Tables  V  and  VI),  and  although  the  increase 
in  growth  was  not  as  great  as  might  have  been  expected  from 
Richards'  results,  yet  the  evolution  of  COg  bears  much  the  same 
relation  to  it  as  in  the  preceding  cases. 

A  few  experiments  were  likewise  made  with  Penicillium  glau- 
cum.  Though  Penicillium  grows  well  at  a  lower  temperature 
than  does  Sterigmatocystis ^  yet  it  grows  slowly,  and  the  total 
weight  of  the  normal  is  seldom  as  great  as  is  that  of  Sterigma- 
tocystis in  the  majority  of  cases.  The  evolution  of  CO,  is  never- 
theless very  active,  and  the  number  of  milligrams  of  CO,  given 
off  exceeds  that  of  the  dry  weight  of  the  fungus.  Several  of  these 
cultures  were  raised  on  the  usual  nutrient  medium  (Table  VII), 
and  one  (Table  VIII)  on  a  solution  in  which  .5  gr.  asparagin  re- 
placed the  NH^NOg  as  the  source  of  nitrogen.  The  weight  of  the 
irritated  fungus  in  the  latter  case  was  much  greater  than  that  of 
the  normal,  but  the  evolution  of  COj  kept  pace  with  it  to  such  an 
extent  that  the  ratio  is  1.22  as  compared  with  1.26  in  the  normal. 

In  reviewing,  then,  the  results  recorded  here,  it  is  evident  that 
the  addition  of  small  quantities  of  ZnSO^,  FeSO^  and  LiCl  has 
increased  the  rate  of  growth  of  Sterigmatocystis  and  Penicillium 
so  that  a  larger  amount  of  dry  substance  is  produced  within  a 
given  time  than  in  normal  cultures ;  that  at  the  same  time  there 
has  been  an  increase  in  the  production  of  CO,,  an  increase  not  too 
great,  however,  to  be  accounted  for  by  the  enlarged  area  of  the 
plant.  The  ratio  of  dry  weight  to  COj  of  the  irritated  fungus  is 
therefore  approximately  equal  to  that  of  the  normal.  Taking  into 
account  previous  results  which  show  that  the  effect  of  the  addi- 
tion of  such  poisons  is  to  enable  the  plant  to  make  more  econom- 
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ical  use  of  the  carbohydrates  supplied  to  it,  we  can  interpret  this 
action  as  a  stimulus  which  causes  the  fungus  to  transform  more 
of  the  food  material  into  its  own  substance,  and  less  into  waste 
products  such  as  oxalic  acid,  while  at  the  same  time  the  respira- 
tion remains  relatively  unchanged. 

Teachers  College,  Columbia  University. 

Table  I. 

Kunstmann  apparatus. 

Stcrigmatocystis  nigra,     5  per  cent,  sugar  solution. 

A  =  Normal.  B  =  average  of  two  cultures  to  which  .004 
per  cent.*  or  .00049  normal  (gram  equivalent)  ZnSO^  has  been 
added.    Temperature  28-30°C. 


III. 

IV. 


a 

B 
A 
B 
A 
B 
A 
B 
A 
B 


Weight  of  Fungus. 

335.2 
597.6 

39«.5 
607.1 

479-7 
«o5.i 
480.8 

783.7 
5336 
«75-6 


CO, 


155 
392.5 

455 

755 

705 

1 185 

415 

1230 

465 

780 


Ratio. 

.46 
.67 

'•«3 
1.27 

1.46 

147 
.86 

1.56 
.87 
.89 


Time. 
3  days. 

3  " 

4  •* 
4  " 
4     " 


Table  II. 

Pettenkofer  apparatus. 

Same  as  in  Table  I,  except  that  B  =  average  of  three  cul- 
tures to  which  .004  per  cent.,*  (.00049  normal)  ZnSO^  has  been 
added.    Temperature  20-24°  C. 


VI. 
VII. 
VIII. 

IX. 
X. 


Weight  of  Fungus 

A 

~           600 

B 

II38.I 

A 

673.6 

B     i 

888.0 

A     ' 

885.5 

B 

1086.6 

A 

1056.0 

B 

1237.2 

A 

715 

B 

1327 

CO, 
420 

987 
768 

888 
1173 
1 143 

978 
1036 

936 
1263 


Ratio. 

.70 

.86 

1. 14 

I. CO 

1 32 

1.05 
.92 

.83 

1.30 

•95 


Time. 
7  days 

7  " 
7  •* 
6     " 

5     " 


Calculated  as  anhydrous  salt. 
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Table  III. 
Pettenkofer  apparatus. 

Nutrient  solution  a  5  per  cent,  glycerine  instead  of  sugar; 
otherwise  as  in  Table  II.     B  =  .004  per  cent.*   (.00049  normal) 


t^ll.%J\^  ^. 

CO,           !          Ratio. 

Weight. 

Time. 

Temp. 

XI.  ,      A                 489 

B             1194.7 

XII.'     A               358.5 

t     B               724.3 

300                      .61 

1             920                      .77 
249          1            .69 

1          498                  .68 

7  days. 

1          7       ,c 

23-25° 
20-24° 

Table  IV. 
Pettenkofer  apparatus. 
Same  as  in  Table  II,  but  B  =  .082  per  cent*  (.01078  normal) 


*.  \,*J\^^, 

1 

Weight.         1 

1 142. 5       i 

I69I        1 
687 
I449.4 

CO, 

1          Ratio. 

Time. 

Temp. 

XIII.  A      , 

'     B      1 

XIV.  A 

B      . 

867 

180 
830 

•         .26 

1       6  days. 
1       6     ** 

26-29° 

Table  V. 

Kunstmann  apparatus. 

Same  as  in  Table  I,  but  B=  .162  per  cent*  (.0381  normal) 
LiCI. 

B  here  was  not  an  average  of  two,  but  a  single  culture. 
Temperature  19-28°  C. 

Weight  of  Fungus.  CO,  Ratio.  Time. 

XV.          A                   615.5                            514                           .83             I     II  days 
'       B  775.5  814  1.04  

Table  VI. 
Pettenkofer  apparatus. 

Same  as  in  Table  II,  but  B  =  .162  per  cent*  (.0381  normal) 
LiCl. 


Wght.  Fungus.              CO,  I  Ratio.                 Time 

XVI.           A     I         1434                  II 10  !           .78              7  days 

'      B              1501.1      I         1311  !           .87          I 
XVII.      :      A     I          679                   645  1           .94         I    8     " 
'      B     : 723.7^    '     _    747  ,  J.03         i 

*  Calculated  as  anhydrous  salt. 


Temp. 
~25°C. 

22°-27°C. 
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Table  VII. 
Pcttenkofer  apparatus. 

Pmicillium  glaucum.     Otherwise  as  in  Table  II.     B  =  .004 
percent.*  (.00049  normal)  ZnSO^. 

I  Wght.  Fungus.  CO,  !  Ratio.  \       lime.      |        Temp. 

1.43         17  days        i8-22®C. 

1.40 

1.66  9      "  I9-22®C. 

1.66 

Table  VIII. 
Pettenkofer  apparatus. 
Penicillium  glaucum. 

Same  as  in  Table  VII.,  but  .5  grams  asparagin  used  in  place 
of  NH^NOj.     B  =  .004  per  cent.*  (.00049  normal)  ZnSO^. 

Weight.  CO,  !  Ratio.  |  Time.  I       Temp. 


XVIII. 

^~k'\ 

489.50       1 

705 

B 

525.75 

739.5 

XIX. 

A 

438.5 

729 

B 

539.33 

991 

XX.      A             354-5                  450                 1.26         '  9  days.          17.5-20° 
B             932.16              1 145                 1.22 

Table  IX. 
Kunstmann  apparatus.  Average  of  five  series  shown  in  Table  I. 
.004  per  cent.*  (.00049  normal)  ZnSO^. 

Normal. Average  of  2. 

Weight.                    CO,                 Rauo.               Weight.  CO,              Ratio. 

,5-             335.2                      155                     .46                 597.6  392.5               .67 

,{•    398.5       455      1. 13   ,   607.1  755     1.27 

VxV     ^79.7        705       1.46      805.1  II85   ,   1.47 

iV.     480.8       415       .86      783.7  1230      1.56 

^'     533-6       465       .87      875.6  780   !    .89 

A'crtge.   445.56      439    ^   .98      733.8  868.5^1   r'8 

Table  X. 
Pettenkofer  apparatus.  Average  of  five  series  shown  in  Table  II 
.004  per  cent*  (.00049  normal)  ZnSO^. 


VI. 
VII. 
VIII. 

IX. 
X. 

Atcrage 


Normal. 

Average  of  3. 

Weight. 

CO. 

Ratio. 

.70 
1. 14 
1.32 

.92 
1.30 

1. 16 

Weight. 

.        CO, 

'         987 
1       888 

1      1036 
j    JC263 

1138.2 

Ratio. 

600 
673.6 
885.5 
1056.0 

715 
759.4 

420 
768 

II73 
978 
936 

!        885.37 

1138.1 
888.0 
1086.6 
1237.2 
1327.0 

1207.23 

.86 
I.OO 

.83 
.95 

.94 

Collated  as  anhydrous  salt. 
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The  Publications  of  the  Department  of  Botany,  Co- 
lumbia University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are  :— 

Vol.  I.  Small.  A  Monograph  of  the  North  American  Species  of 
thG  Genus  Pofy^-onum.  Pp.  178.  84  plates.  1895.  Price, 
sixdollars. 

Vol.  II.  Rydberg,  A  Monograph  of  the  North  American  Poten- 
tilleae.    Pp.224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
ii>  13.  I7>  20,  21,  22,  24.  These  can  be  supplied  at  twenty 
five  cents  each,  except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26, 28,  29,  32,  33,  34,  36, 
and  39  are  out  of  print ;  other  numbers  can  be  supplied  at 
twenty  five  cents  each,  except  No.  35,  which  is  one  dollar 
and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  52,  54,  60,  and  72  are 
out  of  print ;  others  can  be  supplied  at  twenty  five  cents 
each. 

Vol.  rV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifty  cents, 
and  No.  lOi  which  can  only  be  supplied  with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  otiier  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Plve  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.   No.  201 — (current). 

*  Nos  157  and  158,  with  the  set  of  nine  papers  by  Mr.  Bicknell  on  SisyrtncAmm, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Pirofessar  of  Botany. 

New  York  city. 
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\  From  ihe  Bulletin  of  the  Tohkby  Botanical  Club,  31 :  379-391.    July,  1904. 1 


Studies  in  Sisyrinchium  — X.    The  species  of  California 

Eugene  P.  Bicknell 

The  blue-eyed  grasses  of  California,  as  shown  by  the  collections 
which  have  passed  under  review  in  a  study  of  the  group,  are  com- 
mon in  many  parts  of  the  state  and  in  nearly  all  parts  are  repre- 
sented by  one  or  more  species,  forming  a  noteworthy  if  not  every- 
where conspicuous  element  in  the  flora. 

The  widely  diversified  topographical  features  and  sharply 
contrasted  climatic  conditions  embraced  within  the  great  area 
of  the  state  might  well  lead  us  to  expect  some  striking  reflection 
in  so  responsive  a  genus  as  Sisyrinchium  occurring  throughout, 
more  especially  since  so  many  other  sections  of  the  United  States 
have  been  found  to  possess  a  more  or  less  characteristic  group  of 
spedes,  and  yet  it  has  long  been  commonly  supposed  that  scarcely 
more  than  a  single  species  belonged  to  the  California  flora.  In  fact 
since  Dr.  Watson,  in  1877,  separated  the  most  conspicuous  Cali- 
fornia species  from  its  eastern  relatives  under  the  name  of  Sisyrin- 
chium bellum  this  name  has  been  in  common  use  for  almost  all 
specimens  collected  within  the  boundaries  of  the  state.* 

Within  these  boundaries,  however,  is  an  interesting  group  of 
spedes  few  of  which  appear  to  extend  far  beyond  them.  How 
many  spedes  make  up  this  group  cannot  as  yet  be  determined. 
Six  or  seven  come  out  clearly  enough  from  the  mass  of  specimens 
which  have  been  available  for  study,  and  others  might  be  proposed 
on  evidence  perhaps  sufficient  yet  not  altogether  convincing.  For 
the  present  seven  species  are  recognized.  Of  these  Sisyrinchium 
teUum,  the  most  conspicuous,  appears  also  to  be  the  most  abund- 
ant    It  proves,  however,  to  be  not  at  all  of  general  distribution 

*Thc  yellow- flowered  species  formerly  included  in  Sisyrinchium  are  here  excluded 
£rom  consideration,  having  already  been  separately  treated  under  the  revised  genus 
ffydastylus,  (Studies  in  Sisyrinchium  —  VIII.  Bull.  Torrey  Club,  a8  :  570-592. 
I901.) 

The  even  more  distinct  genus  Olsynium  of  Rafinesque  takes  over  another  plant  long 
Accepted  as  a  Sisyrinchium^  the  Sisyrinchium  ^randiflorum  Douglas,  as  already  pointed 
oat.      (.Studies  in  Sisyrinchium  —  VII.  Bull.  Torrey  Club,  27:  237.     19CO. ) 
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throughout  the  state,  being  restricted,  or  very  nearly  so,  to  the 
coastwise  counties,  through  which  it  ranges  from  San  Diego,  and 
doubtless  Lower  California,  northward  into  Mendocino  County, 
from  beyond  which  no  specimens  have  been  forthcoming.  This 
species  bears  the  distinction  of  having  flowers  of  larger  maximum 
size  than  any  other  species  of  the  United  States,  although  surpassed 
in  both  the  size  and  beauty  of  its  flowers  by  Sisyrinchium  Macounii 
of  Vancouver  Island. 

In  the  Sierra  Nevada  region,  northward  from  about  the  middle 
of  the  state,  and  beyond  into  Oregon,  Sisyrinchium  bellum  is  re- 
placed by  a  slighter  and  smaller-flowered  plant,  Sisyrinchium 
Grceneis^.  nov.,  which  appears  to  be  generally  representative  of  that 
region,  while  in  the  valleys  and  mountains  of  the  southern  part  of 
the  state  away  from  the  coast  another  species,  Sisyrinchium  East- 
woodiae  sp.  nov.,  appears  to  be  equally  representative.  A  further, 
somewhat  obscure  species  from  the  southwestern  ranges  nearer  the 
coast  is  admitted  as  Sisyrinchium  hesperium  sp.  nov.  Four  species 
appear  from  the  extreme  eastern  parts  of  the  state,  one  very  dis- 
tinct and  apparently  local  species,  Sisyrinchium  funcreum  sp.  nov., 
in  the  southeast,  and  three,  Sisyrinchium  halophilum  Greene,  Sisy- 
rinchium  leptocaulon  Bicknell  and  Sisyrinchium  orcophilum  sp.  nov., 
all  simple-stemmed  plants,  mostly  in  the  Sierra  Nevada  region. 
Sisyrinchium  halophilum  Greene,  Pitt.  4:  34.     1899. 

Inyo  County,  Bishop ;  Owen's  Valley,  alt.  5,000  ft.  May  15, 
1897,  M,  E,  Jones,  Herb.  Missouri  Bot.  Gard.  (not  U.  S.  Nat. 
Herb.,  as  cited  in  error  Bull.  Torrey  Club,  26  :  451.  1899)  I  Sierra 
Nevada  Mts.,  1875,/.  G,  Lemmon,  U.  S.  Nat.  Herb. 

These  specimens  are  stouter  and  broader-leaved,  with  thicker 
roots  and  perhaps  larger  flowers  than  the  type,  but  are  without 
perfect  flowers  and  fruit  and  can  be  referred  to  no  other  species  at 
present  described. 

The  range  of  5.  halophilum  may  be  extended  to  Idaho,  Wyom- 
ing and  Colorado.  From  these  states  come  a  series  of  small, 
slender  plants  which,  while  contrasting  markedly  with  the  speci- 
mens from  California  cited  above  are  brought .  closer  to  them  by 
somewhat  intermediate  characters  found  in  the  Nevada  type.  The 
principal  differences  from  the  latter  are  more  slender,  less  clustered 
roots,  slenderly  prolonged  outer  bract  and  apparently  larger  and 
darker-colored,  thinner-walled  capsules. 
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There  seems,  indeed,  good  reason  to  suspect  the  existence  of 
a  group  of  closely  related  simple-stemmed  species  inhabiting  nearly 
the  same  general  region,  which  on  present  material  it  is  impossible 
to  disentangle  effectually  from  5.  halophilum  and  5.  leptocaulon, 

SiSYRiNXHiUM  LEPTOCAULON  Bickncll,  Bull.  Torrey  Club,  26 :  451. 

1899. 

Sierra  Nevada  Mts.,  near  Lake  Tahoe, /.  Ball,  July  20,  1884 
Herb.  Acad.  Nat.  Sci.  Phila. 

Tuolumne  Co.  :  Soda  Springs,  Herb.  Cal.  Acad.  Sci. 

Lassen  Co.:  Milford,  June  26,  1892,  T,  5.  Brandegee,  Herb. 
Cal.  Acad.  Sci. 

The  original  description  of  5.  leptocaulon  was  drawn  from  the 
specimen  first  above  cited  together  with  other  material  from  Ne- 
vada and  Utah  less  evidently  distinct  from  S,  halophilum.  Of  the 
additional  specimens  here  recorded,  that  from  Soda  Springs,  while 
clearly  related  to  the  Lake  Tahoe  type,  shows  a  greater  size  for 
the  species  and  a  wider  divergence  from  5.  halophilum  than  has 
hitherto  appeared.  The  stiff,  narrowly  margined  stems  are  45-70 
cm.  tall  and  about  1.5  mm.  wide ;  the  broadest  leaves,  nearly  2.5 
mm.  wide,  are  strongly  rather  few-nerved  and  more  or  less  white- 
glaucous  ;  the  bracts  are  finely  close-striate,  the  outer  one  stiffly 
short-pointed,  scarcely  surpassing  the  inner,  and  2-2.5  cm.  long; 
inner  scales  crowded,  sometimes  exceeding  the  shorter  bract ; 
pedicels  close-fascicled,  somewhat  exserted ;  capsules  pale,  thick- 
walled,  finely  rugulose,  2.5-5  "^'^-  high;  seeds  2-3  in  a  row;  a 
mature  seed  is  nearly  2  mm.  in  diameter,  irregularly  compressed- 
subglobose  and  very  minutely  rugulose. 

It  is  impossible  to  derive  a  clear  understanding  of  either  this  spe- 
cies or  5.  halophilum  from  the  scant  material  so  far  collected.  While 
extreme  examples  of  each  appear  obviously  distinct,  their  relation- 
ship is  confused  by  certain  specimens  which  cannot  be  satisfactorily 
assigned  at  the  present  time.  As  already  intimated  there  is  good 
reason  to  believe  that  more  than  two  species  enter  into  the  problem. 

Sisyrinchium  oreophilum  sp.  nov. 

Stems  simple,  or  occasionally  developing  a  single  terminal 
peduncle  with  subtending  leaf,  10-25  cm.  high  from  slender  fibril- 
lose  roots ;  pale  glaucescent  green,  showing  some  discoloration 
when  dry.     Leaves  about  half  the  height   of  the  stems,  firmly 
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erect,  becoming  rather  strongly  nerved,  1-3  mm.  wide,  tapering- 
acute,  the  edges  smooth;  stems  .75-1.50  mm.  wide,  narrowly 
wing-margined,  finely  cartilaginous-denticulate  to  smooth  ;  spathes 
narrow,  the  bracts  rather  prominently  but  not  very  closely  fine- 
nerved,  th6  hyaline  edges  narrow;  outer  bract  1.5-4  cm.  long, 
narrowly  attenuate,  abruptly  pointed  or  often  obtuse,  usually  sur- 
passing the  inner  one  2-10  mm.,  but  sometimes  longer,  rather 
closely  united-clasping  for  5-7  mm.  and  with  sharply  keeled 
edges ;  inner  bract  usually  abruptly  scarious-obtuse  and  bluntly 
apiculate ;  inner  scales  little  more  than  half  the  length  of  the 
bracts ;  pedicels  erect,  slightly  exserted,  often  reddish-purple ; 
flowers  violet-purple;  perianth  8-10  mm.  long,  the  segments 
mucronulate-aristulate,  slightly  if  at  all  emarginate ;  stamineal 
column  5  mm.  long  or  less ;  anthers  small,  about  I  mm.  long ; 
ovary  oblong,  puberulent ;  capsule  sparsely  puberulent,  brown, 
thin- walled,  globose  or  obovoid,  2. 5-5  mm.  high,  many-seeded. 

Mariposa  County  :  Yosemite  Valley,  May-June,  19CX:),  F.  T. 
Bio/etti,  Herb.  Cal.  Acad.  Sci.  (type)  ;  Yosemite  Valley  and  Moun- 
tains, y.  Torrey,  1865,  Herb.  Columbia  Univ.;  Sierra  Nevada 
Mountains,  8,000  ft.,  south  fork  of  San  Joaquin  River,  July,  1900, 
H.  M,  Hall  &  H,  P.  Chandler,  no,  652, 

Placer  County:  Downer  Lake,  July  25,  1895,  Edward  L. 
Greene,  Herb.  E.  L.  G. 

Modoc  County  :  1 894,  M.  S.  Baker  and  Frank  Nutting, 
Herb.  E.  L.  G. 

Appearing  nearer  to  5.  angustifolium  than  any  species  seen 
from  west  of  the  Rocky  Mountain  region,  and  variously  sugges- 
tive, as  well,  of  some  of  the  simple-stemmed  western  species,  but 
showing  material  differences  from  each  one.  It  is  a  smaller  plant 
than  5.  angustifolium  with  less  unequal  and  more  obtuse  bracts 
of  somewhat  different  nervation,  smaller  flowers  with  small  anthers 
and  more  glandular-puberulent  ovary,  the  capsules  also  more  or 
less  sparsely  puberulent. 

In  the  relative  length  of  the  bracts  this  species  nearly  agrees 
with  5.  occidentale,  but  it  differs  notably  in  much  smaller  flowers, 
less  acute  and  differently  shaped  bracts,  especially  the  narrower 
inner  one,  weaker  and  less  narrowly  margined,  mostly  rough- 
edged  stems  and  more  slender  roots. 

5.  segetum  is  also  much  larger  flowered,  as  well  as  taller  and 
more  slender,  more  densely  tufted,  narrower  leaved  and  with  slen- 
derly very  acute  bracts. 
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S.  hahphilum  and  5.  leptocaulon  both  differ  essentially  from 
5.  oreophUum  by  their  thicker  roots  and  smaller,  thicker-walled, 
pale  capsules. 

The  only  other  simple-stemmed  species  of  any  of  the  Pacific 
states,  5.  idahoense  and  5.  sarmentosum,  need  no  comparison  with 
S.  oreoplnlum^  the  former  being  a  much  larger  plant  in  every  way, 
and  the  latter  differing  conspicuously  by  its  narrowly  prolonged 
foliaceous  bracts,  besides  narrower  and  weaker  leaves  and  stems 
and  smaller  flowers. 

Sisyrinchium  Greenei  sp.  nov. 

Mostly  25-45  cm.  high,  from  fibrous,  sometimes  slightly  thick- 
ened roots,  pale  or  glaucescent  green,  often  darkening  or  becom- 
ing brownish  in  drying.  Leaves  commonly  about  half  the  height 
of  the  plant  and  1-3  mm.  wide,  sometimes  rather  thin  and  soft  or 
becoming  firm,  varying  from  linear-attenuate  and  straight  to  acum- 
inate and  somewhat  curved,  narrowly  acute,  the  delicate  nerves  ap- 
proximate, or  becoming  well  separated  on  the  broader  leaves,  the 
edges  smooth  ;  stems  commonly  terminated  by  one  or  two,  or  even 
three,  slender  but  mostly  short  peduncles  subtended  by  a  usually 
shorter  erect  bractal  leaf,  sometimes  bearing  a  leaf  and  axillary 
peduncle  lower  down,  casually  simple  with  terminal  spathe,  1-3  mm. 
wide,  narrowly  thin-margined  or  winged,  the  edges  smooth  or  ob- 
scurely denticulate  near  the  node  ;  peduncles  3-10  cm.  long,  often 
extremely  slender,  slightly  diverging  and  mostly  a  little  unequal ; 
spathes  often  purplish,  usually  narrow,  15-20  mm.  long,  the  bracts 
rather  firmly  fine-nerved,  equal,  or  either  one  slightly  the  longer, 
the  outer  one  mostly  acute,  sometimes  slightly  foliaceous  and  be- 
coming 2.5  cm.  long,  united-clasping  below  for  .05-.07  mm.,  the 
inner  one  often  scarious,  obtuse  ;  inner  scales  mostly  about  three- 
fourths  the  length  of  the  bracts  ;  flowers  on  slender,  slightly  exserted 
pedicels,  delicate,  pale  violet-blue,  about  10  mm.  long,  the  seg- 
ments short-aristulate  ;  stamineal  column  5-6  mm.  long  ;  ovary 
glandular-puberulent ;  capsule  subglobose  or  obovoid,  brown, 
firm-walled,  3-7  mm.  high  ;  seeds  numerous,  apparently  medium- 
sized. 

Sierra  Nevada  Mountains  from  about  midway  in  the  state  north- 
ward, extending  into  Oregon,  ascending  to  at  least  6,000  feet. 
Flowering  mostly  in  June  and  July,  although  beginning  to  bloom 
in  May,  or  even  earlier,  at  lower  altitudes.  Named  in  honor  of 
Professor  Edward  L.  Greene. 

Siskiyou  County  :  North  side  of  Mount  Shasta,  5-9COO  feet, 
June  11-16,  1897,  H.  E,  Brcnvii,  no.  jj;i  (type). 
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Modoc  County:  June  14,  1893,  M,  S,  Baker, 

Plumas  County  :  Near  Pratville,  Mountain  Meadow,  5,500  ft, 
July  2,  1897,  M,  E,  Jones ;  July,  1896,  1897,  1898,  Mrs.  R.  M. 
Austin, 

Butte  County:  Little  Chico  Creek,  May,  1896,  Colby,  July, 
1896,  Mrs,  R.  M.  Austin, 

Placer  County  :  Applegate,  May,  1899,  Mrs,  Helen  Smith, 

An  inhabitant  of  the  mountainous  region  of  the  north  and 
northeastern  part  of  the  state,  there  replacing  S,  bellum  of  the 
coastwise  counties  and  ascending  to  high  altitudes. 

It  is  ordinarily  a  smaller,  more  delicate  plant  than  5.  bellum, 
paler  green  in  color  and  drying  paler,  and  with  much  smaller 
flowers.  So  considerable,  however,  are  the  variations  shown  by 
the  series  of  specimens  at  present  necessary  to  refer  to  this  species 
that  little  doubt  need  be  entertained  that  more  than  one  species  is 
involved.  Confident  segregation,  however,  must  await  critical 
study  of  more  complete  material. 

The  type  of  5.  Greeneimay  be  taken  as  H.  E.  Brown's  no,  jji, 
from  Mt.  Shasta,  of  which  I  have  seen  four  good  sheets  from  as 
many  herbaria  and  which  is  somewhat  intermediate  between  ex- 
tremes of  the  series. 

Certain  specimens  from  high  elevations  in  Plumas  County,  as 
well  as  from  Klamath  Lake,  Oregon  (July,  1893,  Airs.  R,  M. 
Austin),  are  extremely  delicate  and  slender  throughout  and  bear 
only  one  or  two  terminal  peduncles  ;  other  specimens  are  con- 
siderably stouter  with  broader  and  thinner  leaves.  A  few  speci- 
mens vary  suggestively  from  the  type  by  unusually  long  peduncles, 
broad  thin  leaves  and  sharply  serrulate  stems,  and  appear  also  to 
be  earlier-flowering,  several  specimens  having  been  collected  in 
full  flower  in  the  month  of  May. 

A  particularly  notable  specimen  more  than  doubtfully  associated 
with  the  others  here  assigned  is  from  near  Pentz,  Butte  Co.,  col- 
lected by  Mrs.  C.  C.  Bruce,  April,  1897  (Herb.  Cal.  Acad.  Sci.),  in 
full  flower  and  with  some  mature  fruit,  although  typical  S,  Greenei 
appears  not  to  bloom  ordinarily  until  June  and  July ;  these  speci- 
mens are  further  remarkable  for  their  greatly  elongated  stems  and 
leaves,  some  being  70  cm.  high,  very  pale  and  glaucous,  peduncles 
in  clusters  of  2-5,  and  capsules  very  large,  becoming  7  mm.  high. 
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SisyTinchium  Eastwoodiae  sp.  nov. 

Glaucescent  green,  often  brownish-tinged  on  the  herbarium 
sheet,  20—60  cm.  high  ;  roots  clustered,  becoming  slightly  thick- 
ened towards  the  base.  Leaves  firm,  with  acute  hardened  tips, 
sometimes  nearly  equalling  the  stem  but  more  often  half  its  height, 
1-3  mm.  or  even  4  mm.  wide,  firmly  striate-nerved,  the  edges 
smooth  or,  in  forms,  roughened  with  minute  points ;  stems  erect, 
often  flexuously  curved,  about  the  width  of  the  leaves,  flattened 
and  narrowly  winged  to  subterete  and  merely  margined,  the  edges 
smooth  or.  in  forms,  bearing  close-set,  erect  or  retrorse  cartilagin- 
ous points;  node  mostly  one,  high  up,  or  sometimes  two,  its 
leaf  shorter  than  the  peduncles,  often  very  short,  stiff  and  bract- 
like ;  peduncles  one  to  four,  mostly  short  but  sometimes  very 
slender,  3—10  cm.  long  ;  spathes  narrow,  flattened,  1.3-2  cm.  long, 
the  bracts  finely,  but  not  very  closely  striate-nerved,  the  inner  one 
commonly  the  longer  and  acuminate  or  apiculate  from  a  scarious 
apex,  the  outer  one  cuspidate  or  stiffened  to  a  short  corneous 
tip,  united-clasping  for  4-8  mm.  at  base ;  inner  scales  equal- 
ing the  shorter  bract  or  sometimes  much  shorter ;  flowers  rather 
numerous,  8-14,  on  erect  or  slightly  spreading  exserted  pedicels, 
rather  small ;  perianth  8-1 2mm.  long,  the  segments  broadly  short- 
aristulate  from  a  usually  slightly  retuse  apex,  violet-purple,  the 
yellow  eye  small ;  stamineal  column  about  5  mm.  long,  ovary 
loosely  glandular  puberulent;  capsule  pale  or  dark  brown,  sub- 
globose  to  obovoid  or  pyriform.  thick-walled,  sparsely  puberulent, 
small,  2-4  mm.  high;  seeds  1-4  in  each  row,  about  1.5  mm.  in 
diameter,  rugulose. 

Valleys  and  mountains  of  Southern  California  extending  into 
Lower  California,  not  apparently  reaching  the  coast ;  blooms  from 
early  May  to  July  or  later.  Named  in  honor  of  Miss  Alice  East- 
wood. 

Kern  County:  Tehachapi,  June  22,  iZ^g,  Prof.  E.  L,  Greene  ; 
San  Emidio  Canon,  October  2,  1894,  Miss  Alice  Eastwood. 

San  Bernardino  County  :  San  Bernardino  Valley,  in  meadows. 
May,  1886,  5.  B.  &  W.  E\  Parish,  no.  66 j  (type),  also  1889  and 
1888,  by  same  collectors;  San  Bernardino,  May  3,  1898,  5.  B, 
Parish,  1880,  G.  R.  Vasey ;  San  Bernr.rdino  Mountains  and  their 
eastern  base,  alt.  5,000  ft.,  June  28,  1894,  5.  B.  Parish,  no.  304s - 

San  Diego  County:  San  Ysabel,  May,  1893,  H.  W.  Hejishazv  ; 
Cuiamaca  Mountains,  July  12,  1875,  Edivard  Palmer,  no.  jy^. 

The  above  description  of  5.  Eastwoodiae  has  been  derived  pri- 
marily from  the  plant  of  the  San   Bernardino  Valley  represented 
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mainly  by  the  collections  of  S.  B.  and  W.  F.  Parish.  This  is, 
apparently,  the  largest  form  of  the  species,  frequently  developing 
two  leaf-bearing  nodes,  and  with  the  basal  leaves  mostly  about 
half  the  height  of  the  close  tufts,  becoming  even  more  than  4  mm. 
wide.  This  plant  shows  more  or  less  discoloration  on  the  her- 
barium sheet.     It  comes  into  flower  in  April  and  May. 

Specimens  collected  by  Professor  Greene  at  Tehachapi,  still 
flowering  towards  the  end  of  June,  are  tall,  pale  in  color,  with 
long,  slender,  narrowly  attenuate  leaves  and  somewhat  flexuous, 
very  firm,  smooth-edged  stems  with  a  single  node  and  slender 
peduncle ;  the  bracts  of  the  spathe  are  narrow  and  firm,  the 
shorter  primary  one  with  a  stiff*  corneous  tip. 

Near  this  form  may  be  placed  a  small,  very  different-appear- 
ing plant  collected  by  Miss  Alice  Eastwood  in  San  Emidio  Caiion, 
Kern  County,  still  flowering  in  October.  Its  leaves  are  short, 
especially  the  nodal  leaf,  the  stems  and  peduncles  very  slender, 
the  bracts  mostly  under  1.5  cm.  in  length,  and  the  capsules  only 
2-2.5  ^^'  high;  the  outer  bract  shows  the  same  hardened  nail- 
like  tip  seen  in  the  Tehachapi  specimens. 

In  the  absence  of  further  material  for  study  there  may  be  re- 
ferred here,  also.  Dr.  Edward  Palmer's  ?io,  j/^,  collected  on 
mountains  in  the  southern  part  of  San  Diego  County  in  full  flower, 
July  1 2th.  These  specimens  are  noteworthy  in  several  ways, 
especially  by  reason  of  the  harshly  cartilaginous-dliolate  edges  of 
leaf  and  stem  and  the  roots  which  are  distinctly  woody -thickened 
toward  the  base  ;  the  bracts  also  appear  to  be  more  membranous 
than  in  the  more  northern  plant  and  are  mostly  very  acute,  but 
without  an  indurated  tip. 

Another  collection  from  the  San  Bernardino  mountains  must 
for  the  present  find  its  place  here  also,  although  presenting  many 
points  of  contrast.  The  stems  are  but  6-15  cm.  high,  many  of 
them  simple  but  others  bearing  two  short  peduncles ;  the  leaves 
are  short,  relatively  broad  and  mainly  obtuse  as  are  the  broad 
short  bracts,  and  both  stems  and  leaves  are  more  or  less  denticu- 
late or  even  cartilaginous-ciliolate.  This  plant  was  collected  by 
S.  B.  Parish  in  flower,  June  28th,  at  an  altitude  of  5,000  ft.,  and 
though  strikingly  at  variance  with  the  valley  plant  may  well  be  a 
modified  sub-alpine  form. 
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Sisyrinchium  fonereum  sp.  nov. 

Stiff  and  erect  in  scant  tufts  becoming  50-60  cm.  high,  pale 
glaucous-green,  not  discoloring  when  dry,  the  dead  leaves  and 
stems  of  the  previous  season,  bleached  to  a  light  straw-color,  per- 
sisting rigidly  amid  the  fresh  growth  ;  roots  soft  and  stout,  mostly 
2-3  mm.  thick  towards  the  base  when  dried  and  becoming  over 
30  cm.  long.  Leaves  somewhat  shorter  than  the  stems,  very 
smooth  throughout,  strongly  close-nerved,  2-3.5  "^"^-  wide,  nar- 
rowly ta[>ering  to  an  acute,  hard-pointed  apex,  their  bases  broad- 
ened and  equitant;  stems  2-4.5  ^^-  wide,  stiff  and  straight,  nar- 
rowly firm -margined  and  very  smooth  ;  node  only  one,  high  up, 
bearing  a  stiff,  erect  bracteal  leaf  4-10  cm.  long,  subtending  2-3 
longer  approximate  peduncles ;  peduncles  slender,  erect,  straight 
or  slightly  curved,  unequal,  4-12  cm.  long;  spathes  erect  or 
slightly  bent,  18-23  "^"^-  long,  2-3  mm.  wide;  bracts  closely 
approximate,  firmly  close-nerved,  the  inner  one  usually  slightly 
surpassing  the  outer,  its  tip  white-scarious,  obtuse,  or  even  truncate 
or  emarginate  and  apiculate,  sometimes  erose-denticulate ;  outer 
bract  hyaline-margined  nearly  to  the  short-pointed  apex,  broadly 
so  below,  united-clasping  for  5-7  mm.;  inner  scales  crowded, 
silvery  white,  about  equaling  the  bracts  in  length  ;  flowers 
numerous,  finally  12-18,  on  slightly  exserted  puberulent  pedicels  ; 
perianth-segments  violet-blue,  12-14  win^-  'ong»  contracted  to  a 
mucronate  apex;  stamineal  column  about  5.5  mm.  high;  ovary 
densely  glandular-puberulent ;  pedicels  fascicled,  stiff  and  erect, 
or  somewhat  diverging  above,  the  weaker  ones  sometimes  spirally 
flexuous  ;  capsules  light-colored,  thick-walled,  3-6  mm.  high, 
oblong-ovoid  to  broadly  ovoid,  often  truncately  contracted  above 
and  below,  more  or  less  distinctly  moulded  over  the  seeds  ;  seeds 
rather  few,  2-4  in  a  row  on  slender  stipels  frohi  central  placentae, 
mostly  globose  and  1.5  mm.  in  diameter,  black,  rugulose,  reticu- 
late, not  umbilicate. 

Furnace  creek  cation.  Funeral  Mountains,  January  27,  1891, 
Frederick  V,  Coinlle  &  Frederick  Funs  ton,  Death  Valley  Expedi- 
tion of  the  U.  S.  Department  of  Agriculture,  no,  22^. 

A  striking  species,  tall  and  stiff  and  very  pale  in  color,  with 
appressed  peduncles,  rather  large  flowers  and  greatly  developed 
root-system.  The  persistence  from  one  flowering  season  to  another 
of  the  dried  and  rigidly  erect  leaves  and  stems  is  a  noteworthy 
characteristic  of  the  plant.  It  would  appear  from  the  single  col- 
lection of  the  species  so  far  made  that  the  seeds  of  one  season  were 
carried  over  to  the  succeeding  one  to  be  released  when  the  plant 
came  again  into  flower. 
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SiSYRiNCHiuM  BELLUM  S.  Watson,  Proc.  Am.  Acad.  I2  :  277.    1877. 

Remarkably  variable  in  size  and  relative  proportions  ;  from  6 
cm.  to  over  6  dm.  high,  mostly  2.5-4  dm.,  green  to  glaucesceni^, 
subject  to  slight  or  to  pronounced  discoloration  on  the  herbar- 
ium sheet,  the  tufts  often  fibril  lose  at  base,  the  roots  either  slender 
or  somewhat  thickened,  frequently  from  an  ascending  or  horizontal, 
sometimes  compound,  woody  rootstock.  Leaves  soft  and  rather 
thin,  or  becoming  firm,  finely  many-nerved,  sometimes  equaling 
the  plant  in  height  but  usually  shorter,  mostly  2-4  mm.  wide  (1-6 
mm.),  acute  or  aculeate,  the  edges  smooth  or  denticulate ;  stems 
erect,  stout  or  slender,  1-4  mm.  wide,  narrowly  firm-margined  to 
narrowly  winged,  the  edges  smooth  or  denticulate  ;  sides  of  leaves, 
bracts  and  stems  rarely  obscurely  roughened  with  harsh  points ; 
primary  node  supporting  from  2-4  peduncles  or  one  or  two  branches 
each  with  1-2  peduncle-bearing  nodes  ;  primary  stem-leaf  con- 
spicuous, the  bracteal  leaves  usually  much  reduced  ;  peduncles 
stout  or  very  slender,  straight  or  curved,  divergent  or  erect,  some- 
times very  short  but  becoming  18  cm.  long  ;  spathes  very  variable, 
linear,  lanceolate,  or  short  oblong,  1.5-6  mm.  wide  when  pressed, 
the  bracts  green  or  purplish,  very  acute  to  obtuse,  straight  to 
strongly  incurved,  subequal  or  very  unequal,  when  subequal  1.5- 
3  cm.  long,  when  very  unequal  foliaceous  and  reaching  a  length  of 
3.5  cm.  for  the  inner  and  5.5  cm.  for  the  outer  bract ;  bracts  finely 
many-nerved,  the  edges  often  conspicuously  white  or  purplish  mar- 
gined, the  outer  one  united-clasping  below  for  from .  }^  to  ^2  its 
length  ;  inner  scales  mostly  brownish  tinged,  sometimes  equaling 
the  bracts,  but  usually  much  shorter  ;  flowers  on  slightly  or  slen- 
derly exserted  erect  or  diverging  pedicels,  varymg  in  color  from 
blue  and  violet  to  lilac,  in  light  and  dark  shades,  in  one  specimen 
pure  white ;  segments  sharply  emarginate  or  contracted  to  the 
mucronate  or  aristulate  apex,  12-20  mm.  long  ;  column  5-7  mm. 
high  ;  ovary  glandular-puberulent  to  glabrous ;  capsules  dark  or 
pale  brown,  depressed-globose  to  obovoid  or  pyriform,  in  some 
forms  strongly  trilobulate,  2-7  mm.  long ;  seeds  i  or  2  to  5-6  in 
each  row,  about   1.5  mm.  in  diameter,  dark,  pitted,  subglobose. 

Apparently  common  in  all  the  coastwise  counties  from  San 
Diego  to  Mendocino,  extending  from  the  immediate  coast  back 
into  the  mountains,  but  no  evidence  has  developed  of  its  occur- 
rence in  any  of  the  inland  counties. 

In  the  southern  part  of  the  state  the  species  begins  to  flower 
in  February  and  March,  and  sometimes  even  in  March  in  the 
neighborhood  of  San  Francisco.  At  its  northern  limit  flowering 
begins  in  May  and  June,  continuing  into  July  and  August. 
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San  Diego  County  :  San  Diego,  1850,  C.  C,  Parry;  May,  1852, 
Geo,  Thurber ;  April,  1866,  Weed;  1882,  C,  G.  PringU ;  1884, 
C,  R,  Ojcutt;  1885,  E.  Z.  Greene ;  February  19,  1891,  Alice 
Eastwood;  Dchnar,  April  16,  1895,  Belle  S.  Angier ;  Fall  Brook, 
March  17,  1882,  Marcus  E,  Jones. 

Los  Angeles  County:  Los  Angeles,  April,  1888,  Dr,  H.  E. 
Hasse ;  March  14,  1890,  Fritchley ;  San  Gabriel,  March  23,  1854, 
Dr.  /.  M,  Bigelow, 

Santa  Barbara  County  :  Santa  Barbara,  1874,  Miss  S.  P.  Monks. 

Monterey  County:  Santa  Lucia  Mountains,  August,  1885, 
T,  S.  Brandegee ;  April,  1898,  and  May  20,  1897,  R.  A,  Plaskett. 

Santa  Cruz  County  :     Horace  Davis. 

San  Mateo  County:  Purisinia,  April,  1898,  Blenheim,  May 
19,  1901,  Alice  Eastwood. 

Alameda  County:  Salinas  Plains,  March,  1866,  A.  Wood ; 
Berkeley,  1882,  1886,  E.  L.  Greene ;  1892,  Michencr  &  Biolctti ; 
Point  Isabel,  June,  1900,  Alice  Eastwood. 

San  Francisco  County  :  near  San  Francisco,  Dr,  A.  Kellogg, 
1866;  March,  \^g2,  Michencr  &  Bioletti ;  May,  iSg4y  Alice  East- 
"ivood. 

Marin  County  :  April,  1895,  Alice  Eastwood. 

Solano  County  :   1866,  A.  Wood ;   Bernicia,  Rev.  J.  P.  Moore. 

Sonoma  County:  E.  Samuels;  Bodega  Point,  July  4,  1900, 
Hood  Mountain,  April  27,  1893,  Altruria,  April  7,  1900,  Alice 
Eastwood. 

Mendocino  County:  Long  Valley,  1871;  May,  1898,  June, 
1898,  H.  E.  Brown  ;  Red  Mountain,  Strong  Mountain,  May  21-28, 
1902,  Fort  Bragg,  August  9,  1902,  Alice  Eastivood. 

Although  no  specific  type  of  Sisyrinchium  bellum  is  cited  by 
Dr.  Watson,  a  number  of  sheets  labeled  by  his  hand  are  preserved 
in  the  Gray  Herbarium.  Among  these  are  excellent  examples  of 
the  stout  and  large -flowered  coastwise  plant  which  Dr.  Watson's 
description  furthur  unmistakably  defines.  There  need  be  no 
doubt,  therefore,  as  to  the  right  application  of  the  name  Sisy- 
rinchium  ^^•////;//,  notwithstanding  the  existence  of  several  sheets  so 
labelled  by  Dr.  Watson,  which,  as  it  now  appears,  really  represent 
other  species. 

Even  as  here  delimited,  however,  S.  bellum  is  still  quite  cer- 
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tainly  an  aggregate,  and  certain  further  lines  of  subdivision  not 
yet  clearly  shown  may  confidently  be  expected  to  reveal  them- 
selves to  careful  field  observation  and  the  study  of  ample  material. 

In  the  more  southern  coastwise  counties  of  the  state  occurs  a 
form  commonly  more  tufted,  smaller  and  more  branched  than  the 
type,  often  more  fibrillose  about  the  base  and  usually  turning 
much  darker  on  the  herbarium  sheet ;  other  comparative  differ- 
ences appear  in  very  slender  erect  peduncles,  smaller  spathes  with 
subequal  often  sharply  apiculate  or  aculeate  bracts,  smaller  flowers 
and  small,  dark,  trilobulate  capsules  only  2—4  mm.  high. 

In  marked  contrast  with  this  is  another  form  apparently  con- 
fined also  to  the  southern  coastwise  counties  which  discolors  less 
when  dry  and  is  tall  and  stout,  with  rather  short,  curved  pedun- 
cles, short,  oval  spathes  with  mostly  equal,  often  obtuse  bracts, 
and  apparently  larger  flowers  with  broader  less  slenderly  aristulate 
segments. 

Similar  to  the  type,  but  usually  lower  and  less  branched  and 
with  shorter  peduncles,  is  a  form  apparently  best  developed  some- 
what northward  in  the  range  of  the  species  which  is  noteworthy 
for  its  conspicuously  foliaceous  and  often  greatly  elongated  un- 
equal bracts  ;  in  this  plant  the  ovary  is  sometimes,  at  least,  quite 
glabrous. 

Also  from  northward  in  the  range  of  the  species,  especially 
from  Mendocino  County,  come  a  few  specimens  very  slender 
throughout  having  mostly  two  slender  approximate  peduncles, 
narrow,  very  acute  bracts,  much  exserted  pedicels,  the  flowers  with 
narrow  segments,  and  small,  subglobose,  few-seeded  capsules. 

Still  further  rather  suggestive  indications  of  other  species  are 
afforded  by  certain  imperfect  or  fragmentary  specimens  of  little 
use  to  discuss  at  the  present  time. 

Sisyrinchium  hesperium  sp.  nov. 

Slender,  erect  or  ascending  in  thin,  somewhat  open  tufts  sparsely 
fibrillose  at  base,  25—40  cm.  high,  dull  green  and  glaucescent  be- 
coming brownish  in  drying,  the  slender  roots  numerous  and 
densely  clustered.  Leaves  thin  and  soft  or  becoming  firm,  half 
the  height  of  the  stem  or  less,  1-3  mm.  or  even  4  mm.  wide, 
usually  narrowed  towards  the  base,  tapering-acute,  straight  or 
slightly  falcate,  the  edges  smooth  or  obscurely  denticulate-rough- 
ened;  stems  fragile,  1—2.5  mm.  wide,  merely  margined,  or  with 
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narrow  finely  nerved  wings,  the  edges  smooth  or  slightly  denticu- 
late; peduncles  1-3,  erect  or  diverging,  long  and  very  slender, 
5-14  cm.  in  length  ;  spathes  narrow,  i  5-25  mm.  long  or  the  outer 
bract  longer ;  bracts  membranous,  narrow,  often  attenuate,  deli- 
cately nerved,  mostly  cuspidate-acute  and  often  narrowly  aristulate, 
distinctly  white-margined,  the  outer  one  united-clasping  below  for 
5-10  mm.,  sometimes  for  half  its  length  ;  inner  scales  narrow,  at- 
tenuate, about  three-quarters  the  length  of  the  bracts ;  flowers  on 
hair-like  exserted  pedicels,  deep  violet-purple,  perianth  about  10 
mm.  long;  stamineal  column  about  5  mm.  long;  capsules  often 
on  flexuously  spreading  pedicels,  brown,  thin-walled,  obovoid- 
pyriform  to  subglobose,  3-5  mm.  high,  slightly  puberulent ;  seeds 
only  2-4  in  each  row,  large,  becoming  1.5  mm.  or  more  in  diam- 
eter, rugulose. 

Near  the  boundary  between  Santa  Barbara  and  San  Luis  Obispo 
Counties,  Dutard's  Ranch,  May  9,  1896  (type). 

Fresno  County:  Wauthan,  May  11,  1893. 

Monterey  County :  Melpitas  Ranch,  Santa  Lucia  Mountains, 
May  i-i  2,  1 899. 

All  in  flower  and  early  fruit  and  collected  by  Miss  Alice  East- 
wood.    In  Herb.  Cal.  Acad.  Sci. 

A  much  more  slender  and  delicate  species  than  S,  bellum^  often 
very  fragile,  with  long,  very  slender  peduncles,  smaller,  more  del- 
icate flowers  on  hairlike,  mostly  flexuously  exserted  pedicels,  and 
smaller,  thinner-walled  capsules. 
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The  Publications  of  the  Department  of  Botany,  Co- 
lambia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.1.   Small.    A  Monograph  of  the  North  American  Species  of 

the  Genus  Pofy^onum.     Pp.178.    84  plates.    1895.    Price, 

sixdollars. 
Vol.  II.   Rydberg.    A  Monograph  of  the  North  American  Poten- 

tilleae.     Pp.224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
II,  13, 17,  20,  21,  22,  24.  These  can  be  supplied  at  twenty 
five  cents  each,  except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1 892-1894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
and  39  are  out  of  print ;  other  num^Ders  can  be  supplied  at 
twenty  five  cents  each,  except  No.  35,  which  is  one  dollar 
and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  52,  54,  60,  and  72  are 
out  .of  print ;  others  can  be  supplied  at  twenty  five  cents 
each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  IOI-I2S  (1896-1897)  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifty  cents, 
and  No.  loi  which  can  only  be  supplied  with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133,  136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately ;  othdr  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1 901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

♦  Nos.  157  and  158,  with  the  set  of  nine  papers  by  Mr.  Btcknell  on  SisyrincAium, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany, 

New  York  city. 
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THE  POLLEN  TUBE  IN  THE  CUCURBITACEAE 
AND  RUBIACEAE 

By  Francis  E.  Lloyd 

In  a  recentiy  published  paper  *  Longo  has  given  us  the  very 
interesting  results  of  his  later  investigations  on  the  behavior  of 
the  pollen  tube  in  the  Cucurbitaceae.  The  close  similarity  of 
the  facts  presented  by  Longo  to  those  which  have  been  observed 
by  myself  in  Rubiaceae,t  and  the  parallelism  of  our  conclusions, 
will,  perhaps,  warrant  a  brief  comparative  statement  of  our 
results. 

According  to  Dr.  Longo,  the  ovary  in  Cuctirbita  Pepo  L.  is 
provided  with  a  special  conductive  tissue  which  arises,  by  tan- 
gential cell-division,  **  from  the  epidermis  of  the  placental  ridges 
and  extends  uninterruptedly  from  the  style,  through  the  three 
central  laminae,  to  the  ovule."  The  placentae,  of  course,  fuse 
along  their  surfaces  with  one  another,  so  that  the  layer  of  con- 
ductive tissue  between  any  two  of  them  is  derived  from  two  epi- 

*  LoDgo,  B.  Ricerche  sulle  Cucurbitaceae  e  il  signiBcato  del  percorso  inter 
cellnlare  (endotropico)  del  tubetto  pollinico.  R.  Accad.  Lincei,  Va,  6  :  523-547. 
pi.  /-^.     1903.     ["IVcsented  in   December,    1902.**     Hot.    Centralb.    95:   114. 

f  Lloyd,  F.   E.     The  Comparative  Embryology  of  the   Rubiaceae.     Memoirs 
TofT«y  Botanical  Oub,  8  :  27-112.  /'.  /-/j".     15  F  1902. 
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dermal  cell-layers,  and  is  continuous  transversely,  as  well  as 
longitudinally. 

The  tissue  consists,  moreover,  of.  small  sub-isodiametric  cells, 
rich  in  contents,  and  tiot  lengthened  in  any  direction  in  partic- 
ular. They  lack,  therefore,  the  anatomical  characters  found  gen- 
erally in  stylar  conductive  tissues,  and  are  in  form,  at  least,  like 
the  cells  which  lie  in  portions  of  the  path  of  the  pollen  tube  in 
C:isuanna,  certain  Amentiferae,  Alcheniilla  and  in  a  number  of 
other  plants.* 

The  conductive  tissue  is  further  extended  between  the  ovules, 
being  interrupted  by  their  funicles,  and  comes  to  abut  upon  their 
nucelli.  This  is  brought  about  by  the  circumstance  that  in 
Cucurbita  Pepo  the  nucellus  has  the  shape  of  a  flask,  the  long 
neck  of  which  extends  through  and  protrudes  beyond  the  micro- 
pyle,  its  end  coming  into  contact  with  the  conductive  tissue.  It 
thus  comes  about  that  there  is,  in  this  species,  no  free  locular 
space,  but  rather  a  continuous  stretch  of  conductive  tissue  from 
the  stigma  to  the  embryo  sac.  What  would  be  inferred,  namely, 
that  the  pollen  tube  must  therefore  have  a  completely  intercel- 
lular course,  is  indeed  the  case,  as  Longo  has  demonstrated. 

In  the  other  genera  studied,  on  the  other  hand,  e.  g.,  Citrnllus 
vulgaris,  Schrad.  (which  Longo  figures),  the  nucellus  has  but  a 
short  neck,  which  leaves  open  a  micropylar  canal  of  considerable 
extent.  From  these,  too,  is  absent  the  conductive  tissue  de- 
scribed for  Cucurbita  Pepo,  there  being  instead  an  ovarian  space. 
Through  this,  and  thi*ough  the  micropyle,  the  pollen  tube  grows 
freely  in  its  path  to  the  nucellus,  where,  however,  as  in  many 
other  plants,  it  must  enter  upon  a  short  intercellular  course  in 
order  to  reach  the  embryo  sac.  It  thus  appears  that,  in  two 
closely  related  genera  in  the  same  family,  and  indeed  in  different 
species  of  the  same  genus,  the  pollen  tube  differs  in  its  behavior,  in 
that,  in  the  one  case  its  course  is  throughout  intercellular ^  while  in 
the  other  it  moves  freely  in  a  cavity. 

In  every  other  species  of  this  genus,  Cucurbita,  the  nucellus  is 
too  short  to  reach  quite  up  to  the  conductive  tissue  {e,  g.,  C 
maxima,  fcifolia,  foetidissima)    and  in   these,  the   pollen    tube 

*  For  citations  of  the  pertinent  literature,  see  either  of  the  papers  above  indicated. 
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moves    freely  in    the  cavity  thus  formed  in    reaching  the  nu- 
cellus. 

There  are,  in  addition  to  the  above,  some  further  details  of  in- 
terest in  regard  to  the  pollen  tube.  Its  path,  as  described  by  a 
number  of  observers  for  other  plants,  lies  between  the  cells  of  the 
conductive  tissue  in  all  cases.  In  Cucurbita,  upon  reaching  the 
base  of  the  neck  of  the  nucellus,  it  enlarges  to  form  a  "  bulla  "  of 
considerable  size.  Furthermore,  this  bulla  in  some  cases  pro- 
duces lateral  cul-de-sacs,  which  extend  into  the  surrounding  tis- 
sues, after  the  manner  of  the  lateral  suspensor  tubes  in  certain 
orchids  *  and  in  the  Galieae  among  the  Rubiaceae.f  It  further 
appears  that  the  production  of  these  lateral  outgrowths  of  the 
"  bulla "  is  correlated  with  the  supply  of  starch  in  these  sur- 
rounding tissues,  since,  when  starch  is  absent,  none  are  formed, 
and  when  abundantly  present,  the  tubes  are  most  extensively 
developed.  Their  use,  therefore,  according  to  Longo,  is  to 
reach  out  after  food  materials,  which  he  believes  are  then  passed 
on  to  the  embryo,  as  a  nutritive  supply  for  its  growth. 

The  conclusion  that  there  is  a  correlation  between  the  growth 
of  the  bulla  and  the  presence  of  starch,  the  extent  of  the  former 
being  in  direct  proportion  to  the  presence  of  the  latter,  appears 
to  be  supported  by  Longo's  observation  that,  when  pollen  grains 
are  grown  upon  gelatine,  bullae  are  formed,  while,  when  they 
are  allowed  only  moist  air,  they  fail.  These  results  are  anal- 
ogous to  those  of  van  Tieghem  obtained  for  Ricimis  and  Symphy- 
tum. Van  Tieghem,  however,  used  gum  arable  instead  of  gela- 
tine. In  Elodea  Canadensis^  however,  according  to  R.  B.  Wylie,  % 
the  pollen  tubes  which  enter  the  ovarian  cavity  sometimes  fail 
to  reach  the  micropyle,  and  these  produce  "  cystoids  "  which  are 
usually  found  to  be  quite  free  in  the  locule.  Wylie  further  notes 
that  these  '*  cystoids,"  which,  it  would  seem,  so  far  as  we  can  at 
present  see,  are  not  different  from  the  structures  observed  by 
Longo  and  van  Tieghem,  are  never  produced  in  the  tissues, 

*Treub,  M.    Notes  sur  I'cmbryog^nie  de  quelques  Orchid<§es.    Naturk.  Verb.  K. 
Akad.  19  :  — .     1879. 
t  Lloyd,  F.E.     Op,  cU, 
J  The  Morphology  oi  Elodea  Canadensis.     Bot.  Gaz.  31  :  1-22.     Ja  1904. 
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where,  without  doubt,  food  materials  occur  in  greater  abundance, 
however  little  their  actual  amount,  than  in  the  ovarian  cavity. 
We  must  therefore  conclude,  in  the  absence  of  further  evidence 
that  this  behavior  may  not  wholly  be  determined  in  the  manner 
asserted  by  Longo. 

In  discussing  the  facts  above  outlined,  Longo  draws  the  follow- 
ing conclusions : 

1.  The  behavior  of  the  pollen  tube  in  following  an  intercellular 
path  is  not  connected  with  its  inability  to  grow  freely  in  an  open 
space.  This  is  to  be  inferred  from  the  fact  that  in  closely  related 
species  the  behavior  in  this  respect  is  different  according  to  the 
continuity  of  the  conductive  tissues.  Longo  has  completely 
demonstrated  the  truth  of  his  contention,  by  showing  that  the 
pollen  of  Humulus  Lupulus  L.,  and  of  Cannabis  sativa  L.,  *  in  all 
of  which  the  pollen  tube  has  an  endotropic  course,  germinates  in 
humid  air,  and  pollen  tubes  are  produced.  Experimental  evi- 
dence was  obtained  in  the  case  of  the  pollen  of  certain  gymno- 
sperms  {Picea  excelsa,  three  spp.  of  Pinus)  which  also  germinated 
and  produced  tubes  in  moist  air,  from  which  he  correctly  inferred 
that  the  endotropic  behavior  in  angiosperms  cannot  be  due  to  an 
inheritance  of  this  trait  in  the  gymnosperms,  as  was  pointed  out 
by  Murbeck.t  Clearly,  we  must,  as  Longo  maintains,  abandon 
the  position  that  the  phenomena  of  ectotropism  and  endotropism 
are  quite  distinct  from  each  other. 

2.  Chalazogamy  is  not  primitive  in  the  angiosperms,  and  this, 
or  in  general,  the  intercellular  behavior,  is  a  later  phenomenon, 
and  in  this,  Longo  differs  from  Treub  and  Nawaschin,  but  agrees 
with  Murbeck,  who  regards  such  behavior  as  a  physiological 
peculiarity,  and  of  no  meaning  from  a  phylogenetic  point  of  view.  J 

3.  In  plants  in  which  the  pollen  tube  is  endotropic,  the  direc- 
tion of  its  growth  is  determined  by  the  presence  of  a  special  sub- 
stance to  which  it  responds  chemotactically.  This,  Longo  adds, 
is  developed  within  the  tissues  when  the  course  is  endotropic 

*  Longo,  R.      Op.  cit.,  p.  21. 

t  Murbeck,  Sv.     Ueber  das  Verhalten  des  Pollenschlauches  bei  Alchemilla  ar- 
vensis.     Lands.  Univ.  Arsskrift,  36:  9.      1 901. 
X  Murbeck,  Sv.      Op.  cit. 
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and  on  their  surfaces  when  the  course  is  superficial.  This  con- 
clusion is  drawn  from  the  circumstances  that  the  pollen  tubes  of 
Humulus  and  Cannabis,  when  growing  upon  a  cover-glass  in 
humid  air,  are  indeterminate  in  the  direction  of  their  growth. 

We  may  now  turn  to  the  facts  concerning  the  behavior  of  the 
pollen  tube  in  the  Rubiaceae.  The  plants  which  offer  these  are 
Rickardsonia  pilosa,  Diodia  teres,  and  D,  Virgiftiana,  The  ovary 
in  Rickardsonia  is  trilocular,  in  Diodia,  bilocular.  In  all  three 
there  is  a  single  ovule  in  each  locule,  and  this  is  inserted  at  the 
top  of  the  basal  element  of  the  partition  which  separates  the 
locules.  This  partition  reaches  to  the  middle  height  of  the  ovary, 
and  the  separation  of  the  locules  from  this  point  on  is  completed 
by  the  stylar  elements.  The  latter  has  a  conductive  tissue  of 
elongated  cells,  which  extends  to  its  point  of  fusion  with  the 
basal  element  of  the  partition.  Up  to  this  point  in  all  three  the 
course  of  the  pollen  tube  is  direct  and  endotropic.  After  this, 
however,  it  is  quite  different,  in  Rickardsonia  and  Diodia  teres  on 
the  one  hand,  and  D.  Virginiana  on  the  other.  The  ovule  in 
Diodia  Virginiana  has  a  tract  of  epidermal  conductive  cells 
which  are  cubical  in  form,  on  the  outer  surface  of  which  is 
secreted  a  mucilaginous  substance.  On  the  surface  of  these  cells, 
the  pollen  tube  moves  freely  till  it  reaches  the  micropyle,  which 
it  enters  and  traverses  till  it  reaches  the  embryo  sac.  The  con- 
ductive tissue  is  confined  to  a  strophiolar  outgrowth  of  the  ovule. 

In  Rickardsonia  and  D.  teres,  however,  the  ovules  are  provided 
with  a  conductive  tissue  of  deeply  columnar  epidermal  cells,  with 
dense  protoplasmic  contents,  and  thick  but  soft  and  yielding 
walls.  There  is,  however,  no  mucilaginous  secretion  to  be  found 
upon  their  exposed  ends.  In  these  plants,  the  course  of  the 
pollen  tube  is  always  {Diodia  teres)  or  nearly  always  {Richaid- 
sonid)  completely  endotropic.  The  pollen  tube  grows  between 
the  epidermal  cells,  as  in  the  Cucurbitaceae,  and  follows  a  direct 
path  toward  the  micropyle  at  right  angles  to  the  direction  of  least 
resistance.  Aside  from  the  latter  fact,  we  have,  it  is  seen,  two 
closely  related  genera y  and  two  species  of  one  of  tkese,  in  zvkich  the 
behavior  of  the  pollen  tube  is  different,  in  that,  in  one  species  the 
course  is  ectotropic,  and  in  the  two  others,  distributed  in  different 
genera,  the  course  is  endotropic. 
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The  following  conclusions  have  been  inferred  by  me  from  the 
above  observations : 

1.  The  form  of  the  cells  which  compose  a  conductive  tissue 
can  have  no  importance  in  directing  the  pollen  tube,  though  they 
may  deflect  it  here  and  there  in  its  course.  This  is  clear  from 
the  circumstance  that  we  have  in  two  of  the  species  studied,  a 
conductive  tissue,  the  cells  of  which  are  elongated  at  right  angles 
to  the  path  of  the  tube.  We  must  therefore  conclude  that  the 
guidance  of  the  pollen  tube  through  the  tissue  is  due  to  a  chem- 
otactic  stimulus,  thus  confirming  the  view  of  Molisch  and  with 
which  Longo  finds  agreement.  In  order,  however,  to  deter- 
mine direction^  the  stimulant  must,  I  have  maintained,  be  dis- 
tributed differentially,  from  a  center  toward  which,  therefore,  the 
pollen  tube  must  grow.  I  now  believe  that  the  egg  cell  is  the 
origin  of  this  substance. 

2.  The  behavior  of  the  pollen  tube,  whether  ectotropic  or  endo- 
tropic,  is  a  purely  physiological  character.  When  the  mechan- 
ical conditions  make  it  necessary,  as,  ^.  ^.,  in  Cucurbita  Pepo,  and 
as  I  have  shown  in  Diodia  teres,  the  path  of  the  pollen  tube  is 
wholly  endotropic ;  when,  however,  there  is  a  free  space  to  move 
in,  this  may  be  used  by  the  pollen  tube,  or  if  the  distribution  of 
the  chemotactic  stimulant  is  otherwise,  the  free  space  may  be 
avoided.  By  inference,  the  phylogenetic  interpretation  of  endo- 
tropism  advanced  by  Treub  and  Nawaschin  is  of  no  further 
importance. 

For  other  facts  and  conclusions,  less  relevant  to  our  present 
purpose,  the  reader  may  be  referred  to.  the  original  papers.  It  is 
of  no  small  interest  that  almost  precisely  parallel  facts  have  been 
brought  to  light  independently  by  two  different  observers,  and 
that,  equally  independently,  the  same  significance  has  been 
attached  to  these  facts. 
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The  Publications  of  the  Department  of  Botany,  Co- 
lumbia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Species  of 
ih^  G^nws  Polygonum.     Pp.178.    84  plates.    1895.    Price, 
sixdollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Poten- 
tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume, 

Vol.  I.  Nos.  I-2S  ( 1 886-1 892).  Out  of  print,  except  Nos.  6,  7, 
ii»  I3i !/»  20,  21,  22,  24.  These  can  be  supplied  at  twenty 
five  cents  each,  except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1 892-1 894).  Nos.  26,  28,  29,  32,  33,  34.  36, 
and  39  are  out  of  print ;  other  numbers  can  be  supplied  at 
twenty  five  cents  each,  except  No.  35,  which  is  one  dollar 
and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  52,  54.  60,  and  72  are 
out  of  print ;  others  can  be  supplied  at  twenty  five  cents 
each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  119  which  is  fifty  cents, 
and  No.  loi  which  can  only  be  supplied  with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.   No.  201 — (current). 

*  Nos  157  an^  158,  with  the  set  of  nine  papers  by  Mr.  Bicknell  on  Sisyrin^kium^ 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany. 

Nkw  York  city. 
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of  slowest  growth  .  .  .  were  the  approximate  moments  of  inser- 
tion of  the  septa,  and  consequently,  moments  when  elongation 
would  be  going  on  with  the  least  rapidity.  .  .  .*'  Concerning 
the  correlation  of  these  processes  in  higher  forms  nothing  at  all  is 
known. 

Not  only  has  there  been  no  real  attempt  to  correlate  the 
processes  of  elongation  and  cell-division  in  a  given  organ,  but 
there  is  a  complete  lack  of  knowledge  concerning  the  course  of 
cell-division  alone  in  a  growing  part  And  while  much  is  known 
with  regard  to  the  daily  rhythm  of  elongation  or  growth  of  organs, 
in  nearly  every  instance  the  organ  observed  has  been  aerial  and 
therefore  subject  to  very  profound  and  rapid  environmental  dis- 
turbances accompanying  the  alternating  conditions  of  day  and 
night.  As  far  as  can  be  discovered  the  only  observations  on  the 
daily  periodicity  of  growth  of  subterranean  parts  are  those  of  Strehl* 
on  the  roots  of  Lupimis,  and  MacMillan  f  on  the  potato-tuber. 

It  seems,  therefore,  that  here  is  an  opportunity  for  profitable 
investigation  :  to  determine  whether  there  is  a  rhythmic  daily 
variation  in  the  rate  of  cell -division  of  a  growing  organ  ;  to  deter- 
mine whether  there  is  a  definite  daily  rhythm  in  the  growth  or 
elongation  of  a  subterranean  part  which  is  growing  under  much 
more  uniform  conditions  than  the  aerial  parts  ;  and  finally,  if  such 
rhythms  are  found  to  exist,  to  determine  whether  there  is  any 
correlation  between  the  processes  of  cell-division  and  elongation. 
The  observations  described  in  this  paper  were  designed  to  attack 
these  questions,  and  it  is  believed  that  the  results  have  been  defi- 
nite enough  at  least  to  warrant  further  serious  investigation. 

I  wish  to  take  this  opportunity  to  express  my  very  consider- 
able indebtedness  to  Dr.  C.  C.  Curtis,  Columbia  University,  under 
whose  direction  these  observations  were  carried  out,  for  his  ever 
ready  aid  and  valuable  counsel. 

2.  Summary 

The  principal  facts  brought  out  in  this  paper  are  the  following : 
I.  In  the  root  of  Allium  there  are  two  maxima  and  two  minima 
in  the  rate  of  cell-division  during  twenty-four  hours. 

*Strehl,  R.  Untersuchungen  Ubcr  das  L&Dgenwachsthum  der  Wurzel  und  dcs 
hypokotylen  Gliedes.     Leipzig,  1874. 

f  MacMillaD,  C.  On  the  growth -periodicity  of  the  potato-tuber.  Am.  Nat  25: 
462^69.     1891. 
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2.  The  primary  maximum  occurs  shortly  before  midnight 
(up.  m.)  and  the  primary  minimum  about  7  a.  m.  The  second- 
ary maximum  occurs  about  i  p.  m.  and  the  secondary  minimum 
about  3  p.  m. 

3.  There  is  no  correspondence  between  the  rate  of  cell-divi- 
sion and  slight  variations  in  temperature. 

4.  In  the  root  of  Podophyllum,  maximal  and  minimal  points 
occur  at  almost  the  same  hours  as  in  Allium, 

5.  Tap-water  alone  or  with  various  substances  in  solution, 
seriously  affects  the  course  of  cell-division.  In  some  cases  there 
may  be  recovery  and  partial  return  to  the  normal  condition. 

6.  Under  normal  conditions  of  growth,  the  rate  of  elongation 
of  the  root  of  Allium  exhibits  a  daily  rhythm  showing  two  maxima 
and  two  miniriia  during  twenty-four  hours. 

7.  Elongation  is  most  rapid  (primary  maximum)  about  4  or  5 
p.  m.,  the  secondary  maximum  occurring  about  7  a.  m.  The 
primary  minimum  is  about  1 1  p.  m.  and  the  secondary  minimum 
about  noon. 

8.  Periods  of  rapid  cell-division  coincide  with  low  rate  of 
elongation,  and  during  rapid  elongation  the  rate  of  cell-division  is 
lowest. 

3*  Methods 

{a)  Cell-division 

Sound  average-sized  bulbs  of  Allium  were  selected  and  allowed 
to  germinate  at  ordinary  room-temperature  in  moist  sand  or  pine 
sawdust  until  the  roots  were  from  50  to  100  mm.  in  length :  this 
was  usually  after  from  four  to  six  days.  Then  at  definite  inter- 
vals, usually  of  about  two  hours,  throughout  24-hour  periods, 
two  root-tips  from  different  parts  of  the  bulb  were  taken  for  exami- 
nation. The  tips  were  fixed  20  minutes  in  acetic-alcohol  (glacial 
acetic  i  part,  70  per  cent,  alcohol  2  parts),  sectioned  longitudinally 
lo  microns  thick,  and  stained  in  Delafield's  haematoxylin. 

It  is  believed  that  the  method  used  in  determining  the  relative 
numbers  of  dividing  cells  in  the  different  tips  entirely  obviated 
error  due  to  differences  in  the  size  of  the  tips.  From  each,  the 
three  sections  passing  nearest  the  axis  of  the  root  were  selected 
and  the  area  to  be  examined  determined  in  the  following  way.    At 
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a  distance  of  5  micrometier  spaces  (eye-piece  micrometer  ruled  in 

millimeters,  ocular   3,  objective   Zeiss  A,  tube-length   140  mm.) 

from  the  growing  point  of  the  tip  (the  root  has 

attained  a  uniform  diameter  at  this  point)  its  diam- 

/     eter  was  measured  carefully.     An  imaginary  line 

9    was  then  drawn  across  the  section  at  a  distance 

from  its  extremity  of  twice  its  diameter.    The  area 

examined  was  that   below  this   transverse   line 

(figure  i),  and  was  found  in  every  instance  to 

contain   practically  all  of  the  actively  dividing 

cells  of  the  undifferentiated  tissue. 

The  number  of  dividing  cells  within  the  cor- 
FiGWRE  I.   Dia-  responding  areas  of  the  three  selected  sections  was 

grams  owing  me  ^^^^  carefully  counted.     The  dividing:  cells  were 
01  measurement.  ^  ^ 

^Adiameter  5  spaces  tabulated  in  three  groups.     The  first  group  in- 

from  apex.    Area  ex-  eluded  thosc  cells  in  the  early  Stages  of  mitosis 

^^  T""^^?  u^  ^  to  the  time  of  the  formation  of  the  equatorial 

hne  </</.     Area  of  this      '^  ^ 

tip  -_  15,  plate,  i.  e,,  all  stages  of  the  prophase.     The  sec- 

ond group  included  those  cells  in  metaphase  and 
early  anaphase  up  to  the  time  when  the  divergence  of  the  chromo- 
somes is  complete.  The  last  group  included  the  cells  in  late  ana- 
phase up  to  the  time  of  the  reconstruction  of  the  nucleus  and 
formation  of  the  new  cell-wall.  These  groups  were  then  added 
and  the  average  of  the  three  sections  taken  as  the  number  char- 
acteristic of  the  tip. 

In  order  to  avoid  error  due  to  the  comparison  of  tips  of  differ- 
ent sizes  the  areas  of  the  sections  were  reduced  to  a  common  area 
and  the  proportional  numbers  of  dividing  cells  calculated.  The 
average  area  of  the  sections  was  about  fifteen  micrometer  squares  ; 
therefore  the  numbers  of  cells  in  sections  having  larger  or  smaller 
areas  than  this  were  calculated  proportionally. 

This  method  of  comparison  is  justified  by  the  fact  that  the  size 
of  a  part  or  organ  is  determined  by  the  number  of  cellular  elements 
contained  in  it  and  not  by  variations  in  their  size.*  Several  counts 
were  made  in  given  areas  of  large  and  small  root-tips  of  Allium, 
and  this  was  found  to  be  true. 


*Amelung,  E.     Ueber  mittlere  ZellengrSsse.     Flora,  77:   176.     1893. — Stras- 
burger,  E.     Histologische  BeitrSge.     5:  117-118.     1893, 
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The  series  o{  Podophyllum  used  as  a  check, were  treated  in  the 
same  manner  except  that  the  smaller  size  of  these  tips  necessitated 
their  reduction  to  an  average  area  of  nine  micrometer  spaces. 

{b)  Elongation 
In  determining  the  periodicity  of  elongation  the  method  of 
direct  observation  was  used.  Onions  were  grown  in  pine  sawdust 
in  pots  with  a  narrow  glass  slip  set  in  one  side.  Roots  frequently 
grew  almost  vertically  along  this  glass  and  would  be  exposed 
properly  to  moisture  and  air  in  the  pot.  These  bulbs  were  of 
course  grown  entirely  in  the  dark-room.  When  the  roots  were 
about  35-40  mm.  long  they  were  observed  by  candle-light  through 
a  horizontal  microscope  and  the  temperature  recorded,  at  one-  or 
two-hour  intervals  during  a  24-hour  period. 

4.  Daily  periodicity  of  cell-diyision 

A.  Under  normal  conditions 

{a)  Typical  observation. — We  shall  consider  first  the  rhythm  of 
cell-division  under  normal  circumstances  of  growth.  To  illustrate 
more  fully  the  method  employed  and  to  furnish  a  basis  for  compari- 
son, one  of  the  records  has  been  reproduced  completely  in  table  i. 

This  table  shows  that  by  far  the  larger  proportion  of  cells  in 
the  process  of  mitosis  were  in  the  prophase,  as  would  be  expected, 
since  the  preparation  for  and  inauguration  of  mitosis  occupy  a 
much  longer  period  than  the  later  phases,  which  are  passed  through 
very  rapidly.  The  table  shows  also  how  remarkably  similar  are 
the  conditions  of  the  root-tips  examined  at  the  same  hour.  This 
similarity  is  much  closer  than  was  expected  on  account  of  the 
numerous  factors  liable  to  cause  individual  variations.  It  will  be 
seen  that  at  9  a.  m.,  1 1  a.  m.  and  i  p.  m.,  for  example,  the  num- 
bers of  dividing  cells  are  almost  identical  in  the  two  tips,  while 
Qnly  in  a  few  instances,  such  a^  at  5  p.  m.,  9  p.  m.  or  i  a.  m., 
were  there  differences  at  all  considerable. 

The  final  averages  of  this  table  are  represented  in  the  form  of 
a  curve  in  figure  2,  curve  /,  which  shows  graphically  the  rate  of 
cell-division  during  a  24- hour  period.  The  curve  is  remarkably 
regular,  with  two  maxima  and  two  minima.  Cell -division  is  most 
rapid  (primary  maximum)  at   1 1  p.  m.,  the  secondary  maximum 


Digitized  by 


Google 


534 


Kellicott  :   Periodicity  in  root  of  Allium 


Table  I 
Numbers  of  dividing  cells  in  roots  of  single  bulb  of  Allium 


Time.       Tempera-        Area 
ture.         examined 


Dividing  cells. 


Total      Total  re-    Average  |  Average 
dividing   duced  to  |    for  each       of  two 


Elarly.  j  Middle.  Late,      cells,      area— 15.1 


9  a.  m.  '     16° 


II  a.  no.       17 


I  p.  m.  I    17.5° 


3  p.  m.  t     27'> 


5  p.  m.       I9« 


7  p.  m.       I7<» 


9  p.  m.  ^     15° 


II  p.  m.      14.5° 


I1.5 


13.5 


12.5 


13 


15-5 


12.5 


12 


13-5-f 


11.5 


14 


I3i- 


11.5 


13 


25 

1   9 

I 

35 

46 

23 

'   8 

4 

35 

46 

,  30 

5 

3 

^^1^ 

50 

33 

3 

3 

39 

43 

36 

2 

4 

42 

47 

37 

3 

5 

^  45 

50 

28 

10 

6 

44 

53 

33 

S 

6 

47 

56 

27 

9 

8 

_44_ 

53 

28 

7 

2 

37 

47 

3« 

II 

4 

53 

6b 

24 

5 

4 

33 

45 

46 

4 

4 

54 

62 

47 

2 

2 

51 

59 

49 

2 

2 

53 

61 

58 

4 

^ 

68 

66 

53 

3 

8 

64 

62 

4Q 

4 

9 

62 

60 

26 

2 

3 

31 

^7 

29 

I 

2 

32 

38 

33 

I 

I  * 

35 

4^ 

23 

0 

3 

26 

33 

21 

0 

3 

24 

30 

21 

I 

I 

_  _23_ 

29 

24 

3 

3 

30 

33 

26 

2 

2 

30 

33 

25 

2 

2 

29^ 

32 

37 

4 

6" 

47 

61 

46 

I 

3 

50 

65 

45 

6 

6 

57 

74 

43 

2 

9 

54 

67 
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Table  I — Continued 
Numbers  of  dividing  cells  in  roots  of  singi^.  bulb  of  Allium 


-..  Tempera- 1        Area 

tore.         examined. 


Dividing  cells. 


Early.     Middle.  Late.,     cells,      areas  15. 


Total    I  Total  re-'  Average  ,  Average 
dividing  ,  duced  to  '  for  each  1     of  two 


tip. 


I  a.  ID.    14° 


13— 


Il-h 


15 


33     4 


45  '   5 
40     2 

44     5 


3  a.  m.   14° 


!    17  + 

7  a.  m.   18®   I  16 


31 
35 
35 

48 
46 
44 

23 
26 


1  i   39 

3  I   43 

2  ;   52 

3  I   45 

2 

2 
I 

2 
5 


45 
50 
48 

69 
60 
68 


48 


tips. 


57 


66 


35 

35 

40 

40 

44 

44 

55 

47 

48 

42 

49 

43 

26 

24 

28 

26 

40 


44 


1  2 

»  I  ^ 

2  !   I     25   I   23 


42 


24 


occurring  at  i  p.  m.  The  primary  minimum  in  the  rate  of  cell- 
division  occurs  at  7  a.  m.  following  the  primary  maximum,  the 
secondary  minimum  at  3  p.  m.  following  the  secondary  maximum. 

Thus  there  are  two  regular  waves  of  cell-division  during  each 
twenty-four  hours,  a  more  extensive  wave  extending  from  late  in 
the  afternoon  until  early  in  the  morning,  and  occupying  therefore 
practically  all  of  the  dark  period  ;  its  crest  occurs  shortly  before 
midnight.  A  less  extensive  but  otherwise  similar  wave  occupies 
the  light  period  of  the  day  extending  from  early  morning  until 
late  in  the  afternoon.  The  crest  of  this  wave  occurs  about  noon. 
Both  of  these  waves  are  remarkably  regular  with  only  the  slight- 
est secondary  fluctuations. 

The  temperature  of  the  air  around  the  bulbs  is  recorded  in  the 
same  diagram.  It  will  be  seen  that  there  is  no  correspondence 
between  these  slight  variations  in  temperature  and  the  rate  of  cell- 
division. 

(l>)  Comparisons  of  other  observations,  —  Figure  2  includes 
curves  derived  similarly  from  two  other  series  of  root-tips.  Cnrife 
I/is  introduced  simply  as  another  illustration  of  the  normal  type 
of  curve  such  as  curve  I,  Here  the  tips  were  cut  less  frequently 
so  that  all  points  of  curves  I  and  //  do  not  correspond  exactly. 
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The  primary  maximum  occurs  at  8  p.  m.,  the  secondary  maximum 
at  noon  ;  the  primar)'  minimum  at  5:30  a.  m.  and  the  secondary 
minimum  at  5  :  30  p.  m.  It  is  unnecessary  to  give  further  exam- 
ples of  this  character ;  in  general  it  was  found  that  under  normal 
conditions  of  growth,  cell-division  was  most  active  an  hour  or 
two  before  midnight  and  about  noon,  and  was  least  active  about  6 
a.  m.  and  4  p.  m. 

Curife  III  in  figure  2  is  introduced  with  its  accompanying 
temperature  curve  to  illustrate  a  very  peculiar  exception  to  this 
general    rule.     Cell-division    here    followed   a   perfectly   normal 
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Figure  2.     Cell-division  in  root  of  Allium,    /,  temperature. 

course  until  just  after  the  period  of  the  primary  maximum.  Then 
instead  of  falling  steadily  to  the  primary  minimum,  it  increased 
rapidly  and  reached  a  maximum  far  above  that  shown  by  any 
other  series,  at  about  the  time  when  all  other  series  showed  the 
most  pronounced  minimum,  /.  r.,  at  6  a.  m.  Then  falling  to  its 
normal  rate  it  proceeded  after  the  typical  fashion.  That  the 
rhythm  of  this  plant  was  rendered  abnormal  in  the  prolongation  of 
its  most  active  period  by  some  unknown  conditions  is  evident.  No 
other  series  showed  any  variation  of  this  nature  nor  nearly  of 
this  extent.  The  curve  is  introduced  here  to  show  that  when  the 
usual  rhythm  of  cell-division  is  interfered  with,  the  normal  rhythm 
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tends  to  recur  when  the  disturbing  factor  is  removed  or  overcome. 
The  fact  that  the  specific  cause  of  the  disturbance  is  unknown  in 
this  instance  does  not  lessen  materially  the  value  of  the  evidence. 
{c)  Comparison  of  observations  on  Podophyllum,  —  We  may 
now  review  briefly  the  results  obtained  from  a  similar  examination 
of  the  rhythm  of  cell-division  in  the  root  of  Podophyllum.  This 
form  was  selected  to  be  compared  with  Allium  because  it  too  had 
very  large  cells,  rapidly  and  easily  grown  roots,  and  because  it 
was  a  representative  of  a  totally  different  subclass.  The  method 
used  was  the  same  as  with  AlUum^  except  that  the  plants  were 
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Figure  3.     Cell-division  in  root  of  Podophyllum,     /,  temperature. 

germinated  in  moist  sphagnum,  thoroughly  rotted  and  washed. 

The  results  obtained  from  two  series  of  root-tips  cut  every  two 
hours,  are  shown  in  figure  3,  together  with  the  record  of  the 
temperature  of  the  surrounding  air.  These  curves  show  more 
extensive  minor  variations  than  did  those  of  Allium,  but  it  is  re- 
markable how  closely  similar  are  the. curves  obtained  from  the 
two  plants.  Even  the  minor  variations  of  the  main  curve  are 
always  of  the  same  nature,  differing  only  in  extent,  with  the  single 
exception  of  the  period  from  4  to  6  p.  m.  when  one  curve  began 
to  ascend  shortly  before  the  other. 

Underlying  these  minor  fluctuations  there  are  the  general 
waves  of  cell*division,  most  clearly  marked  in  curve  L  These 
show  primary  maximum  and  minimum  at  midnight  and  6  p.  m. 
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respectively,  and  less  definitely-indicated  secondary  maximum  and 
and  minimum  about  2  p.  m.  and  6  a.  m.  respectively.  In  curve 
II  the  secondary  waves  are  obscured  by  the  more  extensive  minor 
variations. 

In  general  the  character  of  these  curves  derived  from  Podo- 
phyllum is  quite  like  those  from  Allium,  maximal  and  minimal 
points  occurring  at  approximately  the  same  hours.  The  most 
valuable  evidence  offere<l  by  the  Podophyllum,  however,  is  that 
such  rhythms  are  actually  present  in  the  rate  of  cell-division,  and 
that  the  rhythms  are  definite  enough  to  be  susceptible  of  comparison. 

We  may  now  turn  to  the  third  line  of  evidence  upon  this 
subject. 

B.  Effects  of  solutions 

In  order  to  test  the  effects  of  various  solutions  upon  the  rapidity 
and  periodicity  of  cell-division,  onions  were  germinated  as  before 
in  moist  sand  or  sawdust  until  the  roots  had  reached  a  length  of 
50-75  mm.  The  bulbs  were  then  placed  over  glass  tumblers 
where  the  roots  were  immersed  in  tap-water  and  exposed  to  the 
daylight.  Some  were  left  in  tap-water  and  examined  at  intervals, 
others  were  removed  after  being  in  water  a  few  hours,  to  certain 
solutions,  and  examined  at  intervals. 

The  solutions  used  were :  (i)  4.2  per  cent,  glucose  in  tap- water, 
as  an  example  of  a  non-electrolytic  solution ;  (2)  2  per  cent,  mag- 
nesium chloride,  as  an  isotonic  electrolytic  solution  ;  (3)  2.5  per 
cent,  peptone. 

{(i)  Water.  —  We  may  consider  first  the  rate  of  cell-division  of 
the  tips  placed  in  tap-water  and  subject  to  the  illumination  of  the 
laboratory  about  2.5  m.  from  north  and  west  windows.  An 
onion  with  roots  about  50  mm.  long,  grown  in  sand,  was  placed 
over  tap-water,  in  such  a  manner  that  the  roots  were  completely 
immersed,  at  10  a.  m.  and  beginning  at  2:30  p.  m.  tips  were 
removed  and  examined.  The  numbers  of  dividing  cells  at  irregular 
intervals  during  the  succeeding  thirty-two  hours  are  represented 
in  curiae  /,  figure  4.  At  2:30  p.  m.,  when  the  roots  had  been  in 
water  for  four  and  one-half  hours,  the  curve  is  much  higher  than 
is  normal  for  that  hour.  During  the  afternoon  it  falls  normally 
and  from  8  p.  m.  until  midnight  when  the  curve  usually  rises  to 
its  greatest  height,  this  curve  shows  only  a  very  slight  rise  which 
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is  rather  an  interruption  in  its  rapid  descent.  After  midnight  there 
is  continued  descent  until  about  noon  when  the  curve  ascends 
again  to  a  maximum  at  6  p.  m.  This  maximum  would  have 
occurred  normally  at  noon — just  at  the  time  when  the  ascent 
actually  commenced.  After  the  maximum  at  6  p.  m.,  which  is 
the  normal  time  for  a  minimal  point,  the  curve  falls  again  and  was 
falling  when  observations  ceased  at  10:30  p.  m. 

The  effect  of  removing  the  roots  to  water  was  at  first  a  stimu- 
lation resulting  in  very  rapid  cell-division  for  a  short  time.  This 
was  followed  by  inhibition  of  cell-division  and  delay  of  its  normal 
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Figure  4.     Elongation  of  root  of  Allium  immersed  in  water  (/),  and  in  4.2  per 
cent  glucose  (-//).     /,  temperature. 

rhythms.  The  total  number  of  dividing  cells  was  very  consider- 
ably reduced ;  the  minimum  which  occurs  normally  about  6  a.  m. 
was  delayed  until  nearly  noon,  and  the  maximum  which  occurs 
normally  at  noon  was  delayed  until  6  p.  m.  The  inhibition  of 
cell-division  finally  passed  away  partially  and  thirty -two  hours  after 
being  placed  in  water  (/.  e.,  at  6  p.  m.)  cell-division  was  again 
fairly  rapid.  Observations  not  included  in  the  diagram  were  made 
at  10.  a.  m.  on  the  two  days  following  the  last  observation  charted. 
These  observations  showed  cell-division  to  be  fairly  active,  the 
numbers  of  dividing  cells  being  about  75-80  per  cent,  of  the 
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nomial.  This  is  important  as  showing  that  very  soon  (about 
thirty -two  hours  in  this  instance)  after  being  placed  in  a  new  or 
unusual  environment  the  process  of  mitosis,  at  first  seriously  de- 
ranged, tends  to  recover  its  normal  course.  In  other  words  the 
roots  very  soon  become  adapted  physiologically  to  their  new  con- 
ditions of  growth. 

No  correlation  could  be  observed  between  variations  in  illumi- 
nation or  temperature,  and  cell -division.  In  this  series  the  tem- 
perature varied  only  slightly  (figure  4). 

{b)  Glucose, — As  before,  the  roots  of  an  onion  grown  in  sand 
until  they  were  50-75  mm.  long  were  placed  in  tap- water  at  9:30 
a.  m.  At  2:30  p.  m.  they  were  removed  to  a  4.2  per  cent,  solu- 
tion of  glucose  in  tap-water  and  the  tips  examined  at  irregular 
intervals  during  the  succeeding  27  hours.  The  result  of  the 
examination  is  shown  as  curve  II,  figure  4.  The  first  part  of  the 
curve  is  remarkably  similar  to  curve  /.  In  one  respect  it  is  more 
typical,  namely  in  the  rise  just  before  midnight,  where  the  tips  in 
water  showed  only  a  pause  in  the  descent.  The  latter  part  of  the 
curve,  however,  is  more  atypical  and  does  not  give  any  sign  of  a 
delayed  tendency  to  rise  as  was  the  case  with  the  roots  placed  in 
water.  This  is  probably  to  be  correlated  with  the  greater  amount 
of  stimulation  resulting  from  the  presence  of  an  unusual  substance 
in  solution  in  such  quantity.  No  later  observation  was  made  on 
this  bulb. 

The  temperature  was  as  in  curve  /,  so  that  it  is  similarly  true 
here  that  the  variations  in  temperature  and  illumination  of  the 
laboratory  seem  to  have  no  effect  upon  the  frequency  of  mitosis, 
(r)  Magnesium  cfiloride.  —  It  was  found  that  root-tips  removed 
from  water  to  a  solution  of  MgCl,  isotonic  with  the  4.2  per  cent. 
I  solution  of  glucose,  i.  ^.,  a  2  per  cent,  solution  MgCl,,  were  seri- 

;  ously   affected.      The   cells    became    vacuolated   and   somewhat 

i  shrunken  and  their  condition  became  so  abnormal  in  a  few  hours 

I  that  there  was  no  cell-division  whatever  in  progress.    Consequently 

I  roots  were  left  in  the  MgCl^  solution  for  only  a  short  time  and 

I  then  were  replaced  in  water. 

\  For  example,  the  roots  of  an  onion  grown  in  sand  were  placed 

\  in  tap-water  at  9:30  a.  m.     At    1:30  p.  m.  the  tap-water  was 

I  replaced  by  a  2  per  cent,  solution  of  MgClj  in  tap-water  and  left 
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six  hours ;  at  7:30  p.  m.  the  roots  were  replaced  in  tap- water. 
Examination  of  the  tips  gave  the  results  tabulated  as  curve  /,  fig- 
ure 5.  At  the  time  the  roots  were  placed  in  the  solution,  cell- 
division  was  proceeding  at  about  the  usual  rate  for  those  tips 
similarly  placed  in  water.  After  removal  to  the  solution,  however, 
cell-division  decreased  very  rapidly.  After  replacing  in  water, 
cell-division  recommenced  and  after  a  period  of  two  hours  we  find 
the  rate  of  mitosis  gradually  increasing  until  five  hours  after 
removal  from  the  solution  the  rate  was  above  the  normal  for  roots 
phced  in  water,  or  about  like  those  placed  in  glucose.  Unfortu- 
nately the  number  of  tips  on  this  bulb  was  exhausted  at  this  time 
and  no  further  observation  was  possible. 

(rf)  Peptone,  — As  a  non-crystallizable,  nutrient  solution,  a  25. 
per  cent,  solution  of  peptone  in  tap- water  was  used.     As  before, 
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Figure  5.     EloogatioD  of  root  of  AlUum  immersed  io  2  per  ceot.  MgG,  (/),  and 
io  2.5  per  cent,  peptone  (//).    /,  temperature. 

roots  were  removed  from  sand  to  water  at  10  a.  m.  At  2:30  p. 
m.  they  were  transferred  to  the  peptone  solution  and  examined  at 
intervals  during  a  period  of  thirty  hours.  The  rate  of  mitosis  in 
these  tips  is  shown  graphically  in  curve  II,  figure  5.  In  general 
it  is  very  similar  to  the  curves  of  tips  in  water  and  glucose,  espe- 
cially during  its  later  course.  In  its  earlier  portion  it  lacks  the 
pause  or  rise  jUst  before  midnight.  Cell-division  almost  stopped 
after  16-20  hours  in  the  solution. 

As  already  stated  the  general  result  of  placing  growing  roots 
in  liquids  or  solutions  is  to  decrease  the  rate  of  cell-division  and  to 
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delay  its  normal  rhythm.  Upon  comparing  the  effects  of  various 
types  of  solutions  certain  tentative  inferences  may  be  drawn.  The 
effect  of  a  non-electrolytic  solution  (glucose)  is  not  different  from 
that  of  tap-water  alone ;  in  this  instance  the  plant  did  not  tend  to 
recover  its  normal  rhythm,  i,  e.,  to  adapt  itself,  as  did  the  plant 
placed  in  water  alone,  although  the  first  effect  was  not  quite  as 
marked. 

The  effect  of  a  brief  immersion  in  an  electrolytic  solution 
(magnesium  chloride),  however,  was  the  almost  complete  stoppage 
of  cell-division ;  recovery  commenced  shortly  after  removal  to 
water.  The  effect  of  a  solution  of  peptone  is  to  cause  a  reduction 
of  the  rate  of  cell-division  greater  than  that  produced  by  water 
alone ;  the  rhythm  is  not  affected  dissimilarly. 

From  the  small  number  of  observations  made  it  \s  obviously 
impossible  to  make  a  definite  statement  regarding  the  specific  ef- 
fect of  any  of  these  solutions  upon  cell-division.  The  purpose  of 
placing  the  roots  in  these  solutions  was  not  at  all  to  test  their 
specific  effects,  but  to  determine  the  effects  of  liquids  in  general 
upon  the  rate  and  rhythm  of  cell-division ;  rather  to  see  whether 
the  normal  rhythm  was  actually  a  definite  thing  and  whether  it 
would  be  maintained  or  modified  under  abnormal  external  condi- 
tions. From  this  point  of  view  the  evidence  from  the  experiments 
was  decisive  and  positive.  That  the  rhythm  is  a  definite  occur- 
rence is  sufficiently  indicated  by  the  uniform  periods  of  increase 
and  decrease  in  the  rate  of  mitosis  in  all  series  of  tips  whether 
under  normal  or  abnormal  conditions.  The  result  of  placing  the 
tips  in  liquids  is  to  prolong  the  rhythm  and  so  to  delay  the  maxi- 
mal and  minimal  points,  although  these  tend  to  recur  at  the  nor- 
mal hour  even  under  abnormal  conditions,  and  to  decrease  the  rate 
of  cell-division.  This  accords  with  the  observations  of  Sachs/ 
Wacker,t  and  others  that  the  roots  of  land  plants  are  shorter  when 
grown  in  water  —  undergoing  a  sort  of  retardation  of  growth. 

It  is  noteworthy  that  in  none  of  the  series  could  there  be  seen 
any  direct  effect  of  change  in  temperature.  The  variations  how- 
ever were  slight,  and  it  almost  goes  without  saying  that  wide  varia- 

*  Sachs,  J.     Arbeiten  Bot.  Inst.  Wiirzburg,  i  i  385. 

t  Wacker,  J.  Die  Beeinflussung  des  Wachsthums  der  Wurzeln  durch  das  nmge- 
bende  Medium.     Jahrb.  Wiss.  Bot.  3a  :  71-I16.     1898. 
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tions  in  temperature  would  have  a  very  marked  effect  upon  the 
rate  of  mitosis.  Nor  could  there  be  observed  any  effect  upon 
mitosis  of  changes  in  the  feeble  illumination  of  the  laboratory. 
Normally,  of  course,  the  root  is  in  a  constant  condition  of  darkness 
and  it  is  therefore  worthy  of  note  that  the  rhythm  in  the  varying 
illumination  of  the  room  had  no  definite  effect  upon  the  rate  of  cell- 
division. 

Finally  then,  summing  up  in  regard  to  periodicity  of  cell-divi- 
sion, we  may  say  that  there  is  a  definite  and  regular  rhythm  in  the 
root  of  Allium,  Under  normal  conditions  of  growth,  cell-division 
is  most  active  just  before  midnight  and  just  after  noon  and  is  least 
active  about  6  a.  m.  and  4  p.  m.  There  may  be  variations  from 
these  times  within  limits  of  about  two  hours. 

Very  little  is  possible  in  the  way  of  comparing  these  results 
with  the  work  of  others.  Famintzin,*  Strasburgerf  and  others 
have  noted  that  in  most  algae  cell-division  is  most  rapid  at  night. 
Lewis  J  in  a  very  brief  communication  noted  that  cell-division  in 
the  root  of  the  onion  growing  in  water  and  exposed  to  the  light, 
was  most  rapid  about  noon  and  slowest  about  4  p.  m.,  while  in 
roots  growing  in  water  but  in  a  vessel  painted  with  lamp-black 
cell -division  was  slowest  at  midnight  and  fastest  about  4  p.  m. 
Insufficient  data  are  g^iven  concerning  the  conditions  under  which 
these  results  were  obtained  to  enable  us  to  judge  of  the  value  of 
these  observations. 

5.  Daily  periodicity  of  elongation 

The  observations  upon  the  elongation  of  the  root  oi  Allium  were 
all  made  upon  the  roots  of  bulbs  of  uniform  size  and  with  approxi- 
mately equal  numbers  of  roots,  i,  e.  about  six.  The  length  of 
the  roots  varied  between  35  and  50  mm.  at  the  beginning  of  the 
observation.  The  roots  had  been  grown  entirely  in  the  dark,  the 
bulbs  not  having  been  exposed  to  the  light  after  germination  was 
begun,  so  that  no  rhythmic  character  of  elongation  could  be  due 
to  the  direct  influence  of  alternating  illumination.     The  tempera- 

*  Famintzin,  A.  Die  Wirkung  dfcs  Lichtes  auf  Algen  und  einige  andere  ihnen  nahe 
▼erwandte  Organismen.     Jahrb.  Wiss.  Bot.  6 :  40.     1 867. 

t  Strasburger,  E.     Zellbildung  und  Zelltheilung.     3  Aufl.  171.     1880. 

X  Lewis,  A.  C.  Contributions  to  the  knowledge  of  the  physiology  of  karyokinesis. 
Bot.  Gaz.  3a :  424-426.     1901. 
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ture  in  the  dark  room  varied  within  narrow  limits  only  and  the 
temperature  within  the  pot  containing  the  roots  must  have  been 
nearly  constant.  Thus  the  factors  of  varying  illumination  and 
temperature  were  ruled  out.  , 

The  facts  that  the  roots  were  of  different  lengths  and  that  they 
showed  different  total  amounts  of  elongation  during  the  periods  of 
observation  show  that  the  roots  were  not  all  in  the  same  phase 
of  the  grand  period  of  growth.  This  has  to  be  taken  into  account 
constantly  in  comparing  the  different  curves  of  growth,  for  some 
will  show  a  general  upward  course,  others  a  downward  or  even 
course,  depending  upon  the  relative  portion  of  the  grand  period  of 

Table  II 
Elongation  of  the  root  of  Allium.    Total  elongation,  24  hrs.  —  16. i  mm. 


I    Elonntkmiii   <  |   Elonntioo  in 

'^*"!.?Ln***'' '    **"*!  ^'^'''  *°       Temptrature.    :i  '^*"*  fjj?**^' i    <««  hour,  in     Tempeimtore. 


space*.         I  I  spaces. 


9  a.m.  10.00  21.0®         I J  9  p.m.  8.00  20.5'* 

10  "  I  8.75  20.5*  10     "         I  8.00  ** 

11  •«  I  8.50         ,  •*  1  II      **  6.00 

12  m.  10.00        I  **  'I       12  n.  7.00  " 

1  p.  B.  lo.co  <*  I  a.  m.     I         8.00  '* 

2  •*  9.00  "  ;  2  **  8.00  20.00 

3  ««  I  9.00  **  3  "  7.00 

4  *•  I  9.50  t           **  ^  **  7*^^  " 

5  -  8.75  -  5  -  8.00 

6  ••  8.75  **  '  6  **  Q.00  •* 

7  «*  8.75  i  •«  7  ««  ]        g^oo  " 

8  •*  9.00  *«  I  8  **  .        9.C0  " 

growth  which  is  represented.  Thus  while  in  the  daily  curves  of 
elongation  the  actual  maximal  and  minimal  points  coincide,  their 
relative  heights  might  vary  somewhat. 

{a)  Typical  obserifation.  —  We  may  take  as  an  example  a 
record  of  the  elongation  of  the  root  showing  the  hourly  elongation 
in  micrometer  spaces  (Leitz  horizontal  microscope)  as  given  in 
table  II.  This  is  expressed  as  a  curve  in  figure  6,  curiae  /, 
where  the  observed  elongation  is  multiplied  by  four  to  bring  out 
better  the  form  of  the  curve. 

There  are  seen  to  be  apparently  three  maxima  and  three  minima 
in  the  rate  of  elongation.  The  most  extensive  maximum  (pri- 
mary maximum)  has  its  apex  at  4  p.  m.  The  primary  minimum 
has  its  apex  at   10  p.  m.     Secondary  maxima  occur  at  3  a.  nL 
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and  7  a.  m.  and  secondary  itiinima  at  5  a.  m.  and  i  p.  iti.  The3e 
secondary  maxima  and  minima  are  relatively  much  less  marked 
than  the  primary  waves  and,  occurring  as  they  do  so  near  to- 
gether, it  is  likely  that  they  are  to  be  considered  properly  as  minor 
fluctuations  on  a  broader  maxima)  wave  reaching  its  height  (second* 
aiy  maximum)  about  7  a,  m.  ;  the  secondary  minimum  would  then 
be  found  about  noon.  The  other  irregularities  in  the  curve  are 
quite  slight 

The  observations  on  some  of  the  roots  were  made  only  bi- 
hourly,  therefore  for  purposes  of  comparison  later,  we  may  writ^ 
this  curve  as  if  observations  had  been  made  bi-hourly,  as  curz'e  I\ 
FIGURE  7.  The  result,  of  course,  is  to  reduce  the  irregularities  of 
the  curve  and  slightly  to  alter  the  times  of  the  apices  of  the  princi- 
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Figure  7.     Elongation  of  root  of  AU 
Hum.     (,  temperature. 
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Figure  6.     Elongation  of  root  of  Al- 
lium,   /,  temperature. 

pal  waves,  e.  g,  the  primary  maximum  now  appears  at  5  p.  m.  in- 
stead of  4  p.  m.,  the  primary  minimum  at  11  p.  m.  instead  of  10 
p.  m. 

{b)  Comparison  of  other  observations,  —  Curve  III,  figurp  7, 
illustrates  the  rate  of  elongation  of  a  root  observed  bi-hourly. 
The  general  appearance  of  this  curve  is  somewhat  modified  from 
the  fact  that  it  was  taken  after  the  maximum  of  the  grand  period 
of  growth  had  been  passed  and  consequently  the  rate  of  elonga* 
tion  is  lower  at  the  end  than  at  the  beginning  of  the  observation. 
The  actual  hours  of  maxima  and  minima  are,  however,  almost  ex- 
a<^ly  as  in  the  curve  just  described.  That  is,  there  are  primary 
maximal  and  minimal  points  at  5  p.  m.  and  1 1  p.  m.  respectively, 
and  secondary  maximal  and  minimal  points  at  7  a.  m.  and  i  p.  m 
The  temp^cature  varied  moi-e  during  this  observation  thain  during 
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the  preceding  one,  but  still  no  correlation  is  observable  between 
variations  in  temperature  and  rate  of  elongation. 

Another  record,  curve  II,  figures  6  and  7,  was  made  at  the 
same  time  as  curve  I  and  under  identical  conditions.  The  points 
of  dissimilarity  between  the  two  are  of  degree  rather  than  of  kind. 
There  is  just  the  same  pronounced  minimum  at  11  p.  m.  The 
primary  maximum  however  occurs  somewhat  earlier,  that  is  at  i 
p.  m.  The  secondary  maximum  occurs  at  the  usual  hour.  The 
secondary  minimum  about  noon  is  not  very  clearly  marked  but  is 
indicated  at  1 1  a.  m.  On  the  whole  the  secondary  waves  are  all 
less  definite  than  in  the  curves  previously  described. 

Finally,  another  record  made  under  conditions  identical  with 
those  of  curve  III^  figure  7,  must  be  considered.  This  record 
is  illustrated  as  curve  111,  figure  6.  This  is  the  only  root  ob- 
served during  the  ascent  of  the  grand  period  of  growth  and  most 
of  its  very  evident  peculiarities  may  be  explained  in  connection 
with  this  fact.  The  rate  of  elongation  reaches  its  primary  maxi- 
mum at  9  p.  m.  Another  maximum  is  marked  definitely  at  3  p. 
m.  and  the  rate  was  increasing  again  steadily  when  the  observa- 
tion ended  at  9  a.  m.,  as  if  to  mark  another  maximum.  A  very 
extensive  minimum  occurs  between  i  and  5  a.  m.,  and  at  the 
beginning  of  the  observation  a  minimal  period  extends  from  9  a. 
m.  to  I  p.  m.  The  features  of  the  curve  are  all  remarkably  regu- 
lar and  well  marked.  The  total  amount  of  elongation  during 
the  24  hours  was  only  13.5  mm.  There  is  no  correlation  between 
the  rate  of  elongation  and  the  comparatively  slight  variations  in 
temperature. 

The  principal  peculiarities  of  this  record  are  due  to  the  ap- 
pearance of  the  primary  maximum  and  minimum  about  five  hours 
later  than  normally  and  to  the  absence  of  the  secondary  waves  in 
the  early  morning.  A  possible  explanation  of  these  peculiarities 
may  be  the  following.  From  the  comparative  levels  of  the  begin- 
ning and  end  of  the  curve  and  from  the  small  amount  of  elonga- 
tion of  the  root,  we  are  evidently  concerned  here  with  a  root 
which  has  not  yet  reached  the  maximum  of  its  grand  period  of 
growth.  Such  a  young  root  is  growing  with  a  greater  vigor,  has 
a  greater  momentum  so  to  speak,  and  as  a  consequence  is  not 
affected  by  stimuli  (external  or  internal)  which  would  aflect  roots 
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growing  vnth  less  potential,  such  for  instance  as  are  on  the  descent 
from  the  maximum  of  the  grand  period.  Ordinary  stimuli  would 
produce  either  a  delayed  reaction  or  none  at  all.  Therefore  the 
daily  maximal  and  minimal  periods  are  delayed  and  the  stimuli 
usually  producing  the  secondary  waves  are  inoperative. 

Summarizing  then  in  regard  to  elongation  we  may  say  that 
there  is  a  daily  rhythm  of  elongation  of  the  root  of  Allium  which 
occurs  in  the  absence  of  variation  in  illumination  and  independently 
of  slight  variations  in  temperature  :  this  rhythm  must  be  the  result 
of  internal  factors.  The  daily  rhythm  is  such  that  elongation  is 
most  rapid  about  4  or  5  p.m.  and  slowest  about  1 1  p.  m.  Be- 
sides these  primary  waves  there  are  secondary  points,  the  second- 
ary maximum  occurring  about  7  a.  m.  and  the  secondary  minimum 
about  noon. 

It  will  be  well  to  compare,  at  this  point,  these  results  on  Allium 
with  those  derived  from  the  study  of  other  subterranean  organs. 
As  mentioned  in  the  introduction  to  this  paper,*  the  only  records 
are  those  of  Strehl  and  MacMillan.  Strehl  found  that  there  was 
a  single  maximal  and  minimal  wave  in  the  rate  of  elongation  every 
twenty-four  hours,  the  rate  being  highest  about  midnight  and 
lowest  about  noon.  His  curves,  which  represent  observations  ex- 
tending over  several  days,  show  admirably  the  varying  appearance 
of  the  daily  curve  depending  on  the  phase  of  the  grand  period 
which  it  represents.  Strehl's  observations  were  made  upon  the 
roots  of  Lupinus,  and  the  conditions  under  which  they  were 
growing  were  far  from  normal ;  /.  e,,  the  roots  were  growing  in 
water  and  were  contained  in  glass  placed  only  1.5  m.  from  a 
west  window  where  they  would  be  subject  to  moderately  strong 
illumination. 

In  MacMillan*s  observations  upon  the  growth-periodicity  of 
the  potato-tuber,  the  plants  were  under  normal  conditions  of 
growth  and  the  results  are  entitled  to  more  weight.  Unfortunately, 
as  he  himself  states,  his  observations  were  of  a  fragmentary  nature 
and  were  to  be  considered  rather  as  a  preliminary  report.  Mac- 
Millan concluded  that  the  rate  of  increase  in  diameter  of  the 
potato-tuber  occurred  rhythmically,  with  one,  two,  or  perhaps 
more  maxima  in  twenty-four  hours.  He  believes  that  the  tuber 
*  Sec  page  530. 
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has  an  independent  rhythm  of  its  own  in  addition  to  a  rhythm 
induced  by  that  of  the  stem  and  other  aerial  parts,  and  offers  some 
tentative  explanations  of  both  of  these.  The  fact  that  here  inter- 
ests us  particularly  is  that  there  is  frequently  a  double  maximum 
in  the  rate  of  growth  during  the  twenty -four  hour  period.  Thus 
far  there  is  agreement  with  the  root  of  Allium  ;  how  much  farther 
this  agreement  extends  can  not  be  stated,  for  MacMillan  does  not 
mention  any  hours  at  which  these  maxima  occur. 

We  may  also  compare  briefly  at  this  point,  the  rhythm  of 
elongation  of  the  aerial  parts.  Observations  upon  AlUum  have 
been  made  by  Stebler  *  on  the  elongation  of  the  leaf.  Stebler 
found  that  the  maximum  of  growth  coincides  with  the  period  of 
greatest  light  intensity  (12-4  p.  m.),  growth  being  slower  during 
the  night,  the  minimum  occurring  between  12  and  4  a.  m.  His 
curves  show  this  single  wave  very  definitely.  Many  others  work- 
ing on  other  plants  have  found  similarly  a  single  daily  wave  of 
growth,  although  the  actual  periods  of  maximum  and  minimum 
do  not  always  correspond  by  any  means.  Thus,  for  example, 
Sachs  t  found  the  elongation  in  Dahlia  to  be  most  rapid  in  the 
early  morning  (6-9  a.  m.)  and  the  slowest  in  the  evening,  (3-6 
p.  m).;  Prantl  %  in  Cucurbita  found  the  maximum  elongation  to 
occur  about  3  p.  m.  (12-6  p.  m.)  and  the  minimum  from  3  to  6 
a.  m.;  and,  to  complete  the  possibilities,  MacDougal  §  found  that 
in  the  leaf  of  Hyacinthus  the  maximum  of  elongation  occurs 
between  midnight  and  4  a.  m.  and  the  minimum  about  noon.  The 
only  uniformity  here  is  the  single  maximum  and  minimum  each 
day. 

Godlewski  ||  at  first  observed  only  a  single  wave  of  elonga- 
tion in  the  epicotyl  of  Phaseolus,  but  later  he  found  that  there 
were  definitely  two  maximal  and  two  minimal  periods  during 
twenty-four  hours.     The  minima  occurred  morning  and  evening 

*  Stebler,  F.  G.  Untersuchungen  ttber  das  Blattwachsthum.  Jahrb.  Wiss.  Bot. 
XI  :  47-' 23.     1878. 

f  Sachs,  J.     Arbeiten  Bot.  Inst.  Wiirzburg.  i  :  — . 

X  Prantl,  K.     Arbeiten  Bot.  Inst.  Wiirzburg,  a  :  — . 

§  MacDougal,  D.  T.     Text-book  of  plant  physiology,  295.  New  York.     1 901. 

II  Godlewski,  E.  Studien  Ubcr  das  Wachsihum  der  Pflanzen.  Abh.  Krakauer 
Akad.  Wiss.  Math-Naturw.  Classc,  23 :  I-157.  (Abstract  by  Rothert,  Bot.  Central- 
Watt,  55:  34-40.     1893.) 
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and  the  maxima  day  and  night;  the  relative  intensities  of  the 
maxima  and  minima  were  inconstant  even  in  the  same  plant. 
This  is  apparently  the  only  recorded  instance  of  a  double  daily 
wave  of  growth  in  an  aerial  part,  of  such  a  nature  as  is  found  in 
the  root. 

6.  Relation  between  cell-division  and  elongation 

The  actual  relation  in  time  between  cell-division  and  elonga- 
tion can  be  seen  most  easily  by  reference  to  figure  8,  where  there 
are  composite  curves  of  all  my  records  of  normal  cell-division  and 
elongation  reduced  to  similar  proportions.  It  is  at  once  evident 
that  the  rhythms  agree  in  time  but  always  occur  in  opposite  direc- 
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Figure  8.     Composite  curves  of  cell-division  (/)  and  elongation  (//). 

tions,  /.  e,  when  elongation  is  at  a  maximum  cell-division  is  at  a 
minimum  and  vice  versa.  The  primary  maximum  of  cell-division 
corresponds  perfectly  with  the  primary  minimum  of  elongation  at 
1 1  p.  m.  The  primary  maximum  of  elongation  corresponds  with 
the  secondary  minimum  of  cell-division  about  S  p.  m.,  while  the 
primary  minimum  of  cell-division  occurs  at  the  time  of  the  sec- 
ondary maximum  of  elongation  at  5  a.  m.  In  general,  through- 
out, the  curves  have  opposite  directions.  The  only  real  excep- 
tion occurs  between  3  and  7  a.  m.  when,  as  already  noted,  the 
decreasing  rate  of  elongation  can  hardly  be  considered  a  constant 
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feature ;  it  is  quite  likely  that  the  rate  of  elongation  increases  uni- 
formly from  II  p.  m.  until  7  a.  m. 

These  time  relations,  however,  do  not  lead  to  the  understanding 
of  any  causal  relation  more  definite  than  that  expressed  by  Ward.* 
that  the  energy  of  the  cell  is  not  sufficient  to  enable  it  to  continue 
its  growth  and  at  the  same  time  form  new  cellular  elements  ;  there- 
fore when  the  cell  is  dividing  and  the  new  cell-wall  forming,  etc.^ 
the  energy  of  the  cell  is  diverted  from  its  other  growth-processes 
and  elongation  is  arrested.  Rhythmic  activity  resulting  from  the 
uniform  action  of  stimuli  or  forces  is  quite  universal  and  it  may  be 
that  here  in  the  root  where  external  conditions  are  practically  uni- 
form, we  are  dealing  with  a  rhythm  which  is  not  related  directly 
to  the  external  environment,  but  which  results  from  the  activity  of 
the  root  itself,  i.  ^.,  is  internal  in  its  origin.  There  can  be  no  doubt 
that  the  rhythm  in  the  stem  is  to  a  greater  or  less  extent  an  in- 
duced one,  and  it  is  difficult  to  believe  that  the  pronounced  rhythm 
of  the  stem  is  without  influence  upon  the  root ;  yet  in  the  roots 
of  these  bulbs  without  growing  aerial  organs,  definite  rhythms  are 
established.  We  should  know  whether  this  rhythm  of  the  root 
is  maintained  unchanged  after  the  development  of  the  leaves  with 
their  marked  daily  rhythm.  With  our  present  limited  information 
we  are  hardly  justified  in  making  assumptions  as  to  what  are  the 
causal  relations  between  cell-division  and  elongation,  both  to  each 
other  and  to  the  other  vital  activities  of  the  plant. 

*Ward,  H.  U^ioc.cii. 

Columbia  University, 
June  I,  1904. 
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PART  I.     INTRODUCTION 

This  work  was  begun  at  Princeton  in  the  year  1898  while 
the  writer  was  special  fellow  in  biology  in  Princeton  Uni- 
versity. Sicyos  angulata  L.,  which  was  found  growing  in 
that  vicinity,  seemed  to  be  a  favorable  object  for  study  and 
some  of  the  inflorescences  were  accordingly  gathered  and  a 
brief  examination  made  of  the  development  of  the  gynoecium 
and  the  embryo-sac. 

Though  the  results  of  this  study  were  somewhat  meager, 
it  was  nevertheless  thought  advisable  to  continue  the  work 
and  extend  the  investigation  to  other  members  of  the  Cucurbi- 
taceae. This  was  undertaken  at  the  suggestion  of  Professor 
F.  E.  Lloyd,  and  carried  on  during  the  years  1899  ^^^  1900 
and  the  summer  of  1902  at  the  New  York  Botanical  Garden. 

The  characters  of  certain  members  of  this  large  and  inter- 
esting family  suggested  an  attractive  problem  in  the  compara- 
tive organogeny  of  the  flowers.  In  this  work  special  attention 
has  been  given  to  the  organogeny  of  the  gynoecium.  Some 
evidence  has  been  collected  as  to  the  nature  of  the  inferior 
ovary  in  this  family  and  a  discussion  of  the  literature  on  this 
point  will  be  presented  later  (Part  III). 

Besides  the  morphology  of  the  flower  there  are  interesting 
facts  in  connection  with  the  development  of  the  embryo-sac 
and  associated  structures  which  deserve  attention.     But  the 
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morphological  problems  involved  in  this  study  are  of  less 
importance,  in  the  writer's  estimation,  than  are  those  of  a 
physiological  character.  The  structure  of  the  embryo,  the 
growth  and  character  of  the  endosperm,  the  distribution  of 
nutritive  materials  in  the  ovule  and  the  placenta,  all  are  mat- 
ters of  importance;  an  understanding  of  the  physiological 
conditions  obtaining  in  the  ovule  is  no  small  aid  to  the  inter- 
pretation of  various  structures  and  phenomena,  and  this  con- 
ception is  becoming  more  and  more  the  dominant  idea  in 
modern  investigations.  "An  account  of  organic  evolution, 
in  its  more  special  aspects,  must  be  essentially  an  account  of 
the  interactions  of  structures  and  functions,"  are  the  words  of 
Herbert  Spencer,  quoted  and  emphasized  by  Goebel  in  his 
Organography.  The  fruitfulness  of  this  thought  is  brought 
more  strikingly  to  our  attention  when  we  consider  the  trend 
of  later  researches  and  the  character  of  their  results. 

Treub^  in  his  memorable  work.  Notes  sur  V  embryoginU 
de  quelques  OrchidieSy  emphasized  the  thought  that  the  man- 
ner in  which  the  embryos  absorb  the  plastic  substances  cer- 
tainly deserves  to  attract  attention,  and  further,  that  the 
problem  should  be  elucidated  by  embryological  researches. 
While,  as  has  already  been  said,  this  view  has  dominated 
much  of  the  embryological  investigation  of  more  recent 
years,  the  importance  of  the  problem  was  recognized  before 
the  publication  of  the  work  just  cited,  as  Treub  himself 
points  out.  Hofmeister  ^^  (1849)  ^^^  ^^^  described  antipodal 
cells  and  attributed  to  them  the  function  of  elaborating  food 
for  the  young  embryo,  although  in  a  later  work**  (1867)  he 
says  that  the  antipodals  are  meaningless  in  the  development 
of  the  embryo  and  that  after  fertilization  they  develop  no  fur- 
ther but  are  themselves  soon  dissolved.  Twenty-five  years 
later,  however,  Westermaier®  takes  up  the  subject  of  the  an- 
tipodals and  in  conclusion  says :  *<  In  the  development  of 
the  so-called  antipodal  cells  in  the  embryo-sac  of  angio- 
sperms,  contrary  to  former  views,  one  has  to  deal  with  an 
anatomical-physiological  apparatus  and  not  with  a  useless 
rudimentary  structure  which  would  be  incomprehensible  ex- 
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cept  from  the  standpoint  of  comparative  morphology."  The 
grounds  upon  which  a  physiological  meaning  is  given  to 
the  cases  in  question  are  particularly : 

(i)  In  the  specific  position  of  these  cells  in  the  embryo-sac 
and  in  the  quality  of  the  contents  of  the  cells  themselves. 

(2)  In  their  anatomical  relations  and  the  character  (cutic- 
ularized)  of  certain  membranes  in  the  ovule. 

(3)  The  manner  of  starch  distribution  in  the  inner  part  of 
the  nucellus. 

In  1896  he  refers*  to  the  work  on  Nigella  (1890)  in  which 
he  ascribed  to  the  polar  nuclei  or  later  the  endosperm  nucleus 
the  function  of  conserving  the  antipodals  in  spite  of  the 
lengthening  of  the  embryo-sac  and  of  fixing  the  said  appa- 
ratus in  closer  proximity  to  the  micropyle  in  the  interest  of 
the  first  embryonic  development.  He  concludes  by  saying : 
**  The  antipodals  are  a  nourishing  apparatus  for  the  embryo 
in  the  foetal  developmental  period." 

We  find  this  view  strengthened  by  the  results  of  the  work 
of  Campbell"  on  Spargantum  and  Chamberlain ^*  on  Aster ^ 
in  which  cases  the  antipodals  seem  to  have  an  important 
nutritive  function.  Merrell,^  however,  regards  the  antip- 
odals of  Silphium  as  performing  the  function  of  conduction 
of  nutritive  substances,  and  Mile.  Goldflus**  interprets  the 
antipodals  in  several  genera  of  the  Compositae  as  haustoria, 
from  the  fact  that  they  elongate  and  appear  to  be  associated 
with  certain  conducting  tissue  at  the  base  of  the  ovule.  Evi- 
dence on  this  point  has  also  been  found  in  Callifeltis  and 
Galium.^  To  this  view,  moreover,  we  were  directed  by  the 
form  and  structure  of  these  cells  in  another  family  of  plants 
(Liliaceae)  investigated  by  Ikeda,**  who  finds  similar  anatom- 
ical features.  The  cells  themselves  show  the  phenomenon 
of  chromatin  aggregation,  indicating  metabolic  activity,  and 
these  stand  in  relation  to  elongated  cells  of  the  nucellus 
which  extend  to  the  chalaza,  forming  a  **  conducting  pas- 
sage.'' At  the  same  time  certain  features  in  the  distribution 
of  starch  and  soluble  carbohydrates,  dextrin,  etc.,  indicate 
that  the  center  of  activity  for  the  elaboration  of  food  for  the 
embryo  is  the  antipodals. 


Digitized  by 


Google 


(3i6) 

At  this  point  attention  may  be  called  in  passing  to  the  more 
recent  investigations  which  have  shown  certain  peculiari- 
ties in  the  part  which  the  endosperm  plays  in  the  nutrition 
of  the  embryo.  Balicka-Iwanowska*  in  studying  the  em- 
bryo-sac of  a  number  of  sympetalous  genera  found  both 
micropylar  and  chalazal  haustoria  of  endospermic  origin. 
In  a  recent  contribution,  Johnson^  has  pointed  out  the  diges- 
tive function  of  the  endosperm  in  the  perisperm-bearing 
seeds  of  certain  Piperaceae. 

Attention  has  repeatedly  been  called  to  the  function  of  the 
suspensor  as  a  means  of  conducting  nutritive  substances.  In 
1858  Hofmeister^  stated  that  an  unusually  long  and  well 
developed  suspensor  is  accompanied  by  weakly  developed  or 
almost  entirely  suppressed  endosperm  in  Trofaeolum^  Trttpa^ 
the  Geraniaceae  and  the  Caryophyllaceae.  Treub**  con- 
cluded that  the  suspensor  performed  a  physiological  function 
in  the  transmission  of  nutritive  substances,  and  that  the  want 
of  a  suspensor  was  correlated  with  the  character  of  the  outer 
cell-walls  of  the  embryo.  He  says  in  substance  that  the 
embryos  are  nourished  by  means  of  strongly  developed  sus- 
pensors;  while  the  outer  cell-walls  of  the  embryos  are 
strongly  cuticularized,  the  suspensors  of  these  on  the  con- 
trary consist  of  pure  cellulose  {Herminium  Monorckis).  r 
Embryos  with  rudimentary  suspensors  or  none  at  all,  had  a 
thin  and  permeable  cuticle.  In  the  Leguminosae,  Guignard  ^ 
found  cases  in  which  embryos  with  rudimentary  suspensors 
or  none  at  all  were  at  a  very  early  stage  completely  sur- 
rounded by  endosperm.  The  development  of  the  complex 
coenocytic  suspensor  of  Orobus  is  accompanied  by  the  scanty 
formation  of  endosperm,  and  the  author  suggests  that  it  may 
find  its  chief  function  in  the  nutrition  of  the  embryo. 

The  work  of  Koorders  ^^  furnishes  us  with  a  unique  case  in 
which  the  suspensor  acts  as  a  means  of  transmission  of  nutri- 
tive materials  which  it  obtains  through  certain  of  the  endo- 
sperm cells  that  attach  themselves  to  the  suspensor  and  elon- 
gate into  tubular  bodies,  acting  as  haustoria.  In  this  case  the 
embryo  is  cuticularized  over  its  outer  surface  until  the  coty- 
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lendons  are  differentiated,  whose  peripheral  cells  possess  thin 
and  permeable  walls. 

In  the  Galieae  Lloyd"  reports  cases  analogous  to  that  found 
by  Koorders  "  in  Tectonia.  In  Vaillantia  and  Galium  some 
of  the  cells  of  the  suspensor  elongate  laterally  to  form  haus- 
toria  which  penetrate  the  surrounding  endosperm  to  a  con- 
siderable depth,  seemingly,  as  the  author  suggests,  increasing 
the  surface  for  absorption,  and  thus  providing  for  a  rapid 
growth  of  the  young  embryo. 

In  some  of  the  later  researches  the  behavior  of  the  pollen- 
tube  has  been  carefully  considered.  Longo"  finds  that  in 
Cucurbita  Pepo  it  follows  a  definite  conducting  tissue  from 
the  stigma  to  the  embryo-sac.  In  the  apical  region  of  the 
nucellus  the  tube  expands  and  sends  branches  into  the  sur- 
rounding tissues,  the  branching  being  correlated  with  the  dis- 
tribution of  starch  in  those  parts.  It  is  the  thought  of  Longo 
that  the  growth  of  the  pollen-tube  along  the  conducting  tissue 
is  an  expression  of  chemotropism,  in  which  he  is  in  accord 
with  the  views  of  Molisch.  In  different  species  of  the  same 
genus  Longo  shows  that  the  pollen-tube  may  pass  through 
the  conducting  tissues  or  on  their  surfaces  in  ovarian  spaces, 
the  stimulus  being  in  the  nature  of  a  secretion.  Lloyd  found 
in  Diodia  and  Richardsonia  that  the  pollen-tube  was  endo- 
tropic  and  ectotropic  in  different  parts  of  the  same  ovary.  He 
concludes  that  the  behavior  of  the  pollen-tube,  whether  ecto- 
tropic or  endotropic,  is  a  purely  physiological  character,  and 
of  no  phylogenetic  significance  as  interpreted  by  Treub  and 
Nawaschin.* 

The  growth  of  the  pollen-tube  toward  the  ovule  and 
its  ultimate  arrival  at  the  embryo-sac  indicate  either  some 
mechanical  relations  (Miyoshi)^  or  the  differential  distribution 
of  the  stimulant  by  which  it  may  be  directed  chemotropically. 
That  the  source  of  this  stimulant  is  either  the  oosphere  or 
the  synergids  there  is  some  reason  to  believe,  and  this  view 
has  already  been  advanced  by  Lloyd." 

*See  Lloyd:  The  pollen-tube  in  the  Cncnrbitaceae  and  Rnbiaceae. 
Torreya,  4:  S6-91.    June,  1904. 
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Whether  we  are  to  regard  the  synergids  as  a  center  for  the 
distribution  of  a  stimulant  or  as  a  means  of  transmission  of 
the  generative  nuclei  of  the  pollen-tube  is  difficult  to  deter- 
mine. Indeed  they  may  perform  both  of  these  functions. 
That  the  physiological  properties  of  the  different  embryo-sac 
cells  are  variable  there  is  abundant  evidence.  Dodel*^  de- 
scribes the  fertilization  of  synergids  in  Iris  Sibtrica.  Embryos 
are  occasionally  derived  from  antipodals  (Tretjakow^),  and 
the  fertilization  of  the  polar  nuclei  is  now  known  to  occur  in 
many  plants. 

Investigations  relative  to  the  embryo-sac  and  associated 
structures  in  the  Sympetalae  have  been  particularly  abundant 
in  recent  years.  We  have  the  works  of  Chamberlain,"  Mer- 
rell,*^  Goldflus**  and  Juel**  on  the  Compositae;  of  Balicka- 
Iwanowska^  on  the  Scrophulariaceae,  Plantaginaceae,  Cam- 
panulaceae  and  Dipsaceae ;  of  Guignard^  on  the  Solanaceae ; 
of  Lloyd"  on  the  Rubiaceae ;  of  Billings^  on  the  Caprifolia- 
ceae,  Globulariaceae,  Goodeniaceae,  Hydrophyllaceae  and 
Primulaceae;  and  numerous  others.  Very  little,  however, 
has  been  done  upon  the  Cucurbitaceae. 

The  first  work  of  any  importance  which  touches  the  embry- 
ology of  the  Cucurbitaceae  was  that  of  Brongniart*  in  1826. 
In  this  he  has  figured  better  than  he  has  described  the  embryo- 
sac  of  Pej>o  macrocarpus  and  Momordica  JSlaterium.  In  the 
former  the  anatomy  of  the  ovule  corresponds  to  the  general 
type  and  is  essentially  correct.  While  most  of  this  work  has 
to  do  with  the  process  of  fertilization  and  will  be  referred  to 
later,  it  is  interesting  to  note  that  in  Pepo  the  peculiar  form 
of  the  endosperm  in  its  coecum-like  prolongation  towards  the 
chalaza  is  figured  with  approximate  accuracy,  and  the  action 
of  endosperm  upon  the  nucellus  is  also  shown  in  Momordica. 

Mirbel^in  1829  describes  the  structure  of  the  ovule  and 
embryo-sac  in  Cucumis  Anguria  and  C  leucantha.  He 
points  out  the  fact  that  the  young  ovules  are  at  first  mere 
protuberances,  and  clearly  shows  that  the  relations  of  the 
micropyle  and  chalaza  are  maintained  during  the  turning  of 
an  anatropous  ovule  and  that  the  development  of  the  raphe 
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brings  it  about  that  the  hilum  is  removed  from  the  chalaza 
and  its  position  near  the  micropyle  is  attained.  The  chalaza 
is  recognized  as  a  center  for  the  distribution  of  nutritive  sub- 
stances to  the  nucellus  and  the  integuments.  In  C.  leucantha 
he  figures  the  endosperm  in  an  advanced  stage  as  occupying 
about  half  of  a  cavity  in  the  nucellus  and  in  form  an  ovoid 
mass  with  a  tube-like  prolongation  at  its  lower  end.  The 
embryo  is  represented  at  this  stage  in  about  its  proper  size 
and  appearance  as  a  narrowly  pyriform  mass  and  of  about 
one  sixth  the  length  of  the  endosperm. 

In  1842  Amici*  studied  the  process  of  fertilization  and 
development  in  Cucurbita  PefOy  but  his  work  was  faulty,  as 
Schleiden  later  points  out.  Amici  failed  to  recognize  an 
embryo-sac  in  the  unfertilized  ovule,  or  prior  to  the  opening 
of  the  flower.  He  thought  he  saw  and  accordingly  described 
a  canal  extending  through  the  apex  of  the  nucellus,  through 
which  the  pollen-tube  passed  in  the  process  of  fertilization. 
In  the  growth  and  development  of  the  endosperm  essentially 
the  same  features  are  represented  as  were  shown  by  Mirbel 
in  the  case  of  Cucumis  leucantha^  and  in  this  respect  he  is  cor- 
rect. In  his  figures  his  representations  of  the  form  and  struc- 
ture of  the  ovule  are  in  the  main  correct,  but  he  failed  to 
recognize  the  embryo  and  to  interpret  correctly  the  structures 
surrounding  it.  His  observations,  however,  upon  the  rate  of 
embryo-sac  development  after  fertilization  are  worth  noting 
as  being  the  first  record  of  such  growth.  He  shows  that  the 
enlargement  of  the  embryo-sac  was  apparent  during  the  first 
day  after  fertilization.  When  the  fruit  is  one  and  one  half 
inches  thick  the  coecum-like  prolongation  of  the  embryo-sac 
has  elongated  to  about  one  fourth  the  length  of  the  nucellus. 
In  a  fruit  four  inches  in  diameter,  he  shows,  this  tube  has 
practically  reached  to  the  chalaza. 

Schleiden ^^  in  1844  expresses  surprise  that  no  one  in  the 
conipany  of  botanists  to  whose  attention  Amici's  paper  came 
was  able  to  detect  the  errors  which  it  contained,  and  declared 
that  Amici  had  no  knowledge  of  the  ovule  in  general  nor  of 

•SeePacchinLtt 


Digitized  by 


GoQgle 


(320) 

the  Cucurbitaceae  in  particular.  He  declares  that  Amici  had 
taken  the  inner  integument  for  the  nucellus  and  the  nucellus 
for  the  embryo-sac.  Schleiden  contends  that  the  embryo-sac 
is  present  before  the  opening  of  the  flower,  that  there  is  no 
canal  in  the  apex  of  the  nucellus,  and  states  that  he,  him- 
self, has  traced  the  pollen-tube  in  its  course  in  Pefo^  Melo^ 
Cucumisy  Lagenaria  and  Momordica^  and  especially  in 
Momordica  has  seen  the  male  generative  nuclei  emerge  from 
the  pollen-tube. 

In  the  following  year  Facchini"  came  to  the  defense  of 
Amici,  stating  the  nine  propositions  which  that  author  pub- 
lished, along  with  his  plates.  The  effort,  however,  to  vindi- 
cate Amici  was  not  very  successful. 

In  the  same  year  (1845)  Schleiden"  returned  to  the  attack 
and  gave  us  the  first  account  of  the  embryo- sac  before  ferti- 
lization in  any  of  the  Cucurbitaceae.  In  Cucurbita  Pefo  he 
figures  an  ovule  with  its  parts  correctly  differentiated  and 
states  that  the  small  embryo-sac  is  present  before  the  opening 
of  the  flower,  and  that  it  has  only  slightly  enlarged  at  the 
time  of  the  entrance  of  the  pollen-tube.  He  says  further : 
**  It  is  easy  to  observe  the  pollen-tube  in  its  course  from  the 
stigma  through  the  conducting  tissue.  At  the  time  when  the 
flower  wilts  and  falls  off,  the  tubes  have  reached  the  ovules,  in 
some  cases  at  least.  The  ovary  at  this  time  is  about  21  mm. 
long  and  18  mm.  in  diameter.  When  the  ovary  has  become 
35  mm.  long  and  22  mm.  in  diameter  the  ovule  is  4  mm. 
long,  2  mm.  broad  and  i  mm.  thick.  When  the  pollen-tube 
has  reached  the  apex  of  the  nucellus  the  latter  has  partly 
broken  down:  the  pollen-tube  quickly  runs  through  its 
length,  bulges  out  in  it  and  fills  it  with  a  starchy  substance 
so  that  it  is  quite  dense.  The  pollen-tube  and  the  embryo- 
sac  seem  to  be  fused  together."  The  tip  of  the  nucellus,  he 
further  states,  becomes  disorganized  as  the  pollen-tube  ex- 
pands in  it,  and  immediately  afterwards  the  extension  of  the 
embryo-sac  toward  the  chalaza  begins.  When  the  ovary  has 
reached  the  length  of  fifty  millimeters  the  oospore  becomes 
visibly  cellular  in  structure. 
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Hofmeister^  in  1849  describes  certain  features  of  Cucur^ 
bitay  Sicyosy  and  Ecballium.  He  points  out  the  fact  that  in 
these  cases  the  embryo-sac  before  fertilization  is  very  small 
compared  with  the  size  of  the  nucellus,  that  in  each  case  it 
lies  directly  under  the  apex  of  the  nucellus,  which  has  a  cen- 
tral row  of  cells  with  transparent  contents.  This  condition 
probably  led  Amici  to  the  view  that  the  nucellus  was  tra- 
versed by  a  canal  in  its  apical  region.  The  main  points 
which  were  contributed  from  Hofmeister's  researches  may  be 
summed  up  as  follows :  Shortly  before  the  opening  of  the 
flower  two  nuclei  appear  at  each  end  of  the  embryo-sac. 
Germinal  nuclei  arise  from  the  micropylar  cells  with  some 
exceptions  (probably  polar  nuclei).  The  antipodals  form  no 
walls  about  themselves  and  their  life  is  usually  short.  The 
oosphere  is  at  first  conical  but  later  becomes  elongated.  The 
pollen-tube  finds  the  micropyle  while  the  flower  is  still  fresh, 
penetrates  the  apex  of  the  nucellus,  and  while  surrounded 
with  this  tissue  shows  (upon  treatment  with  potash)  a  wall 
transversely  striated.  The  pollen-tube  lies  against  the 
embryo-sac  and  does  not  effect  an  entrance  for  about  forty- 
eight  hours,  more  or  less.  During  this  time  the  ovule  retains 
its  dimensions.  Fertilization  takes  place  suddenly,  the  em- 
bryo-sac increases  from  four  to  five  times  in  length  jand  twice 
in  breadth.  The  odspore  divides  once  transversely  and  the 
distal  cell  becomes  the  proembryo.  The  proembryo  divides 
longitudinally  forming  two  cells  {Ecballium).  A  layer  of 
free  nuclei  lines  the  embryo-sac  and  these  form  walls  about 
themselves ;  a  second  layer  is  then  formed,  followed  by  a 
third,  etc.,  until  the  embryo-sac  is  filled.  It  thickly  surrounds 
the  conical  embryo,  which  must  in  turn  replace  it  in  its 
progress  of  development  to  the  ripe  seed.  When  the 
embryo  is  a  conical  mass  of  cells  the  endosperm  occupies 
about  one  sixth  of  the  space  of  the  nucellus.  Later  stages 
show  important  features.  Endosperm  rapidly  replaces  the 
tissue  of  perisperm,  especially  about  midway  between  micro- 
pyle and  chalaza.  The  young  embryo,  from  which  the 
suspensor  has  already  disappeared,  soon  shows  radicle  and 
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cotyledons.  The  cotyledons  grow  very  rapidly  and  replace 
the  endosperm  as  rapidly  as  the  latter  did  the  perisperm.  In 
Ecballium  the  rapidly  developing  endosperm  performs  the 
work  of  digestion.  In  Cucurbita  he  states  that  the  endosperm 
fills  the  embryo-sac  later  than  in  Ecballium.  In  Sicyos  the 
odsphere  appears  elongated,  and  there  are  numerous  anti- 
podal cells.  Hofmeister  thought  that  the  ovules  in  all  the 
Cucurbitaceae  develop  in  about  the  same  way  as  in  EcbaU 
Hum.  His  results  are  not  entirely  in  accord  with  those  of 
Schleiden,  especially  in  the  matter  of  the  phenomena  accom- 
panying fertilization.  But  on  the  whole  the  work  of  Hof- 
meister is  a  distinct  advance  over  anything  that  had  so  far 
been  done.  From  the  study  of  the  material  at  the  present 
time,  however,  it  would  be  impossible  to  confirm  in  all  points 
the  account  which  he  gave  to  science  in  the  classic  work  just 
cited.  Considering  the  conditions  under  which  Hofmeister 
worked,  we  are  the  more  surprised  that  the  work  was  as 
accurately  done  as  it  was.  There  were  many  points  difficult 
of  demonstration  which  have  been  clearly  set  forth  in  his 
work,  which  we  with  all  our  knowledge  of  technique  have 
not  been  able  to  change  materially.  Our  knowledge  of  the 
processes  of  spore  development,  fecundation,  and  embryology 
in  the  Cucurbitaceae  remain  to-day  substantially  as  Hofmeister 
left  them  over  fifty  years  ago.  His  work  on  this  family  was 
not  in  all  points  correct,  as  will  appear  when  we  come  to  the 
discussion  of  some  of  the  particular  types  of  which  he  treats. 
While  attention  has  been  given  to  the  structure  of  the  ovule 
and  the  phenomena  of  embryonic  growth,  practically  nothing 
has  been  contributed  in  regard  to  the  earlier  stages  of  develop- 
ment, and  what  has  been  described  of  the  later  phases  has 
been  of  a  very  brief  character  with  reference  to  a  few  particu- 
lar forms.  In  some  forms  the  development  of  the  microspores 
has  received  attention,  but  nothing  has  been  done  on  the 
character  of  the  nuclear  divisions  of  the  spore-mother-cells. 
Some  observations  have  been  made  upon  the  development  of 
the  ovule  and  upon  the  placentation,  and  some  upon  the 
general  organogeny  of  pistillate  and  staminate  flowers,  more 
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particularly  the  former.  It  still  appears  to  be  an  open  ques- 
tion as  to  the  morphological  nature  of  the  androecium  and 
little  or  nothing  has  been  done  to  compare  the  earlier  stages 
of  development  in  widely  differing  representatives  of  this 
family.  It  shall  be  the  aim  of  this  paper  to  follow,  as  closely 
as  the  writer  has  been  able  to  observe,  the  process  of  develop- 
ment of  the  essential  organs  in  the  pistillate  flowers,  to 
describe  the  anatomy  of  those  organs  especially  with  refer- 
ence to  the  work  of  fecundation  and  seminal  development, 
and  the  behavior  of  the  pollen-tube.  It  is  hoped  that  light 
may  be  thrown  upon  the  morphology  of  the  floral  organs  and 
upon  the  problems  of  nutrition. 

The  methods  used  were  those  most  commonly  employed  in 
embryological  researches.  The  material  was  fixed  by  two 
methods,  viz.,  the  use  of  Flemming's  stronger  solution,  and 
of  an  acetic-acid-alcohol  mixture  in  which  the  ingredients 
were  in  the  following  proportions :  glacial  acetic  acid  i  part, 
70  per  cent,  alcohol  2  parts.  The  latter  proved  to  be  more 
satisfactory  in  some  cases,  where  the  presence  of  oil  in  the 
embryo-sac  and  vicinity  rendered  the  use  of  osmic  acid  mix- 
ture inconvenient.  In  the  use  of  both  media,  however,  good 
fixations  generally  resulted. 

In  this  connection  the  writer  desires  to  express  his  appre- 
ciation of  the  kindness  of  those  who  have  in  various  ways 
assisted  in  this  work :  to  Professor  F.  E.  Lloyd,  at  whose 
instance  this  problem  was  undertaken  and  whose  helpful 
suggestions  have  from  time  to  time  been  very  acceptable ;  to 
Professor  N.  L.  Britton  and  Dr.  D.  T.  MacDougal,  through 
whose  courtesy  the  author  was  given  the  privileges  of  the 
laboratories  and  plantations  of  the  New  York  Botanical 
Garden  during  the  summer  of  1902;  also  to  Hon.  William 
Fawcett,  Director  of  the  Hope  Gardens  at  Kingston,  Jamaica,, 
who  so  kindly  furnished  the  material  of  Fevillea^  to  Dr^ 
David  Grifiiths  for  the  material  of  Afodanthera^  and  to» 
Messrs.  Peter  Henderson  &  Co.  for  the  use  of  plants  on  their 
trial  grounds  on  Long  Island. 
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PART  11.     DESCRIPTIVE 

The  Cucurbitaceae  constitute  a  family  of  plants  whose  sys- 
tematic position  and  relationship  have  been  much  disputed. 
Naudin  and  also  Bentham  and  Hooker  •  have  considered 
them  more  nearly  allied  to  the  Passifloraceae.  Baillon'  has 
regarded  them  as  related  to  the  Loasaceae  and  Begoniaceae. 
They  are  usually  regarded,  however,  in  accordance  with 
Braun's  view,  as  near  relatives  of  the  Campanulaceae,  from 
which  they  are  separated  chiefly  by  the  character  of  the  an- 
droecium  and  the  lack  of  latex  vessels. 

Eighty-five  genera,  of  which  by  far  the  larger  number  be- 
long to  the  Eastern  Hemisphere,  constitute  this  family.  They 
are  mostly  natives  of  the  tropical  or  subtropical  latitudes,  a 
few  only  being  natives  of  the  temperate  zones.  For  this 
reason  the  obtaining  of  material  for  this  study  has  been  beset 
with  diflSculties.  Material  suitably  prepared  was  difiicult  to 
obtain  from  the  native  habitats  of  some  of  the  desirable  forms, 
and  those  cultivated  at  New  York  City  and  Syracuse,  N.  Y. 
were  in  many  cases  unproductive.  The  eighty-five  genera 
fall  naturally  into  five  tribes  recognized  by  Engler  and 
Prantl.**  Of  the  eight  tribes  into  which  the  family  was  di- 
vided by  Cogniaux**  four  have  been  reduced  very  properly, 
it  would  seem,  to  subordinate  rank.  The  tribes  as  they  shall 
be  considered  here  are  the  Fevilleae,  Melothrieae,  Cucurbi- 
teae,  Sicyoideae  and  Cyclanthereae. 

The  forms  which  have  been  studied  in  connection  with  this 
work  comprise  seventeen  species  selected  partly  because  they 
were  the  best  available,  but  at  the  same  time  an  effort  was 
made  to  obtain  forms  which  would  be  as  typical  as  possible 
of  different  tribes  and  representative  of  the  most  widely  dif- 
fering forms.  They  are  divided  among  the  different  tribes 
as  follows :  in  the  Fevilleae,  Fevillea  cordifolia  L. ;  in  the 
Melothrieae,  Melothria  fendula  L.,  Afodanthera  undulata 
Asa  Gray;  in  the  Cucurbiteae,  Momordica  Charantia  L., 
Luffa  acutangula  (L.)  Roxb.,  Ciirullus  Citrullus  (L.)  Karst. 
{Citrullus  vulgaris  Schrad.),  Cucumis  myriocarpus  Naud., 
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Bryonopsis  laciniosa  eryiArocarpaN^iid.j  Benincasa  htsftda 
(Thunb.)  Cogn.,  Lagenaria  Lagenaria  (L.)  Lyons  {Lagena- 
ria  vulgaris  S6r.),  Trichosanthes  Anguina  L.,  Cucurbita 
Pepo  L. ;  in  the  Sicyoideae,  Coccinia  cordifolia  (L.)  Cogn., 
Micrampelis  lobata  (Michx.)  Greene,  Sicyos  angulata  L. ; 
in  the  Cyclanthereae,  Cyclanthera  eocflodens  Naud. 

Organogeny  of  the  gynobcium 

The  form,  size  and  structure  of  the  ovary  varies  much  in 
the  different  genera  and  species.  The  ovary,  in  all  cases 
inferior,  may  contain  one  seed,  as  in  Sicyos^  or  many,  as  in 
Cucurbita^  distributed  in  various  ways  presently  to  be  de- 
scribed. 

As  early  as  1682  Nehemiah  Grew*  in  his  Anatomy  of 
Plants  described  the  structure  of  the  ovary  and  the  manner 
of  placentation  in  Cucumts  sativus.  He  says,  **The  middle 
parenchyma  is  divided  into  three  columns^which  stand  triang- 
ularly, having  each  of  them  a  triangular  figure.**  •*  These 
columns  are,  as  it  were,  beds  on  which  the  seeds  grow.** 
He  found  the  ovary  divided  into  six  triangles  and  each  tri- 
angle to  contain  three  **  ovals.** 

Gaertner  ^  more  than  one  hundred  years  later  described 
and  figured  the  more  obvious  structural  features  of  the  seeds 
and  ovaries  of  Sicyos^  Bryonia^  Momordicay  Cucurbita^  Cu-- 
cumis  and  Lagenaria.  His  figures,  though  not  very  clear 
in  all  points,  show  very  well  the  divisions  of  ovary  and  the 
parietal  attachment  of  the  seeds  in  Cucumis  and  Cucurbita. 

In  1815  Mirbel,*  in  describing  the  form  of  fruit  known  as 
a  pepo  refers  to  the  structure  of  the  ovary  of  the  Cucurbi- 
taceae.  His  reference  is  particularly  to  Cucurbita  and 
CucumiSf  and  he  states  that  the  ovary  is  divided  into  many 
locules  by  radiating  placentae,  the  lobes  of  which  are 
bordered  by  nerves  which  bear  the  ovules,  the  latter  being 
borne  in  two  ranks  on  each  lobe.  In  some  cases,  he  points 
out,  locules  are  divided  each  by  a  pulpy  wall. 

Brongniart^  (1826)  described  the  anatomy  of  the  ovary  of 
Cucurbita  Pepo  with  special  reference,  however,  to  the  con- 
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ducting  tissue.  He  regarded  the  ovules  as  being  borne  on 
the  edges  of  the  carpels,  and  in  general  as  representing  the 
teeth  of  the  leaves. 

Coming  down  to  the  more  recent  work  of  Eichlcr"  (1875) 
we  find  a  discussion  of  the  relations  of  the  parts  of  the 
flowers  of  both  kinds.  The  ovary  of  Cucurbita  is  divided 
into  three  parts,  or  four  or  five  parts,  representing  as  many 
carpels.  The  edges  of  these  carpels  are  turned  inward,  meet 
at  the  center  of  the  ovary  and  are  flexed  back  toward  the 
outside  again  lying  one  beside  another,  and  these  reflexed 
margins  form  the  placentae.  The  stigma  which  surmounts 
the  ovary  has  lobes  equal  in  number  to  the  carpels  and  stand- 
ing opposite  to  them.  He  represents  the  placental  folds  as 
being  separated  by  a  false  commissure,  evidently  formed  by 
the  reflexed  laminae  of  the  carpellary  leaves. 

Ecballium  agreste  and  Bryonia  dioecia  show  a  lesser 
development  of  the  carpellary  margins  so  that  the  commi- 
sural  partitions  are  not  so  complete.  The  pistillate  flowers 
of  Sicyos  are  often  on  the  tetramerous  plan,  probably  by 
reduction  from  the  pentamerous  form  (as  in  certain  of  the 
Plantaginaceae),  by  abortion  of  the  calyx-lobe  next  the  axis 
and  the  fusion  of  the  two  nearest  corolla-lobes.  From  the 
fact  that  the  stigma  is  divided  into  from  three  to  five  lobes, 
he  regards  the  ovary  as  composed  of  the  same  number  of 
carpels,  but  is  uncertain  whether  to  regard  the  lobes  as  repre- 
senting the  middle  of  the  carpels  or  their  borders. 

Miiller"  (1889)  refers  largely  to  Eichler's  work  in  discuss- 
ing the  floral  structures.  He  points  out  the  principal  features 
in  the  structure  of  the  ovary,  and  shows  that  the  three  prin- 
cipal partitions  in  the  ovary  of  most  of  the  Cucurbitaceae 
are  the  infolded  margins  of  the  carpels  which  grow  back 
toward  the  wall  of  the  ovary  again  after  reaching  the  center, 
thus  forming  the  placenta.  This  is  shown  in  pistillodia, 
which  show  different  stages  in  this  process  of  development. 
He  considers  the  original  ovary  to  have  had  five  locules,  but 
the  prevailing  type  has  three.  Each  carpel  is  surmounted 
by  a  two-lobed  stigma,  but  these  lobes  fuse  often  with  the 
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adjacent  lobes  of  other  carpels  and  thus  the  true  stigmatic 
lobes  stand  opposite  the  partitions  and  not  opposite  the 
carpels. 

The  observations  upon  the  development  of  the  gynoecium 
of  the  Cucurbitaceae,  as  about  to  be  described,  have  been 
carefully  made  by  means  of  microtome  sections  of  the  grow- 
ing tips  of  the  flowering  shoot.  The  serial  sections  prepared 
have  afforded  a  means  of  comparison  of  the  different  stages 
of  growth  quite  satisfactory. 

Fevilleae 

The  apex  of  the  stem  of  Fevillea  presents  a  dome-like 
form  and  in  longitudinal  section  shows  its  epidermal  and 
subepidermal  cells  in  regular  series  lying  in  **  confocal 
parabola  "  as  Strasburger^*  describes  for  Polygonum  divari^ 
catum.  The  regularity  in  the  arrangement  of  the  cells  is 
maintained  to  three  or  four  layers  below  the  epidermis. 
Slightly  below  the  apex  of  the  stem  in  the  axil  of  a  leaf- 
rudiment  may  be  found  the  primordia  of  the  young  flowers. 
A  blunt  outgrowth  may  here  be  seen,  which  in  the  progress 
of  its  growth  soon  loses  all  trace  of  the  confocal  arrange- 
ment of  its  cells,  and  by  numerous  divisions,  longitudinal 
with  reference  to  the  axis  of  the  flower,  becomes  flattened  at 
the  apex  and  broadens  out  like  the  base  of  a  cone.  Around 
the  border  of  this  body,  in  a  slightly  later  stage,  five  slight 
elevations  may  be  detected  which  become  quite  distinct  be- 
fore any  other  organs  are  differentiated.  Figure  $  (PI*  I) 
shows  the  young  floral  rudiment,  with  two  of  the  five  young 
calyx-lobes,  bent  sharply  over  the  flattened  end. 

Goebel^  describes  the  development  of  the  gynoecium  in 
Efifhyllum  truncatum  which,  he  declares,  is  in  the  funda- 
mental points  the  same  process  of  development  as  that  which 
is  to  be  observed  in  all  inferior  ovaries.  In  Efifhyllum  the 
calyx  and  corolla  arise  in  spiral  order  but  before  they  are  all 
laid  down  the  flattened  end  of  the  axis  shows  a  crater-like 
deepening,  from  the  borders  of  which  the  carpels  spring  and 
grow  up  to  form  the  style.     The  placentae  are  developed  as 
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swellings  where  the  edges  of  the  carpels  meet.  In  FeviUea 
the  case  is  practically  the  same.  After  the  differentiation  of 
the  five  outer  lobes,  there  arise  on  the  border  of  the  disc-like 
area,  which  they  surround,  five  other  lobes  alternate  with 
the  first  and  subsequently  five  other  elevations  may  be  no- 
ticed opposite  the  calyx-lobes.  These  represent  the  stami- 
nodia  and  for  a  time  they  resemble  the  young  corolla-lobes. 
Soon  after  these  lobes  become  distinctly  visible,  the  deepen- 
ing of  the  central  area  takes  place  and  the  carpels  appear  as 
slight  elevations  on  the  sides  of  the  concavity  {Jig.  6).  The 
number  of  carpels  constituting  the  gynoecium  of  FeviUea  is 
three;  the  number  of  the  calyx  and  corolla-lobes  is  five: 
hence  a  carpel  may  sometimes  be  opposite  a  lobe  of  the  co- 
rolla sometimes  on  a  radius  between  two.  Figure  6  shows 
the  origin  of  one  of  the  carpels  as  seen  in  a  longitudinal  sec- 
tion of  a  flower  in  the  stage  of  development  just  referred  to. 
The  carpel  in  this  case  appears  to  originate  in  a  slight  eleva- 
tion of  xells  between  the  corolla-lobe  and  the  bottom  of  the 
depression.  As  growth  proceeds  the  cavity  becomes  deeper, 
the  carpels  and  the  corolla-lobes  stand  free  as  eight  papilla- 
like bodies  on  its  border.  In  the  open  pistillate  flower  of 
Fevillea  the  summit  of  the  ovary  is  about  5  mm.  in  diameter 
and  forms  the  floor  of  the  flower  from  which  the  short  styles 
emerge  separately  and  bend  outward.  The  placentae  are 
first  noticeable  as  small  vertically  running  ridges  between 
the  incipient  carpels,  that  is  the  point  at  which  we  may  con- 
ceive the  edges  of  the  carpels  as  uniting.  These  ridges 
grow  in  toward  the  center  of  the  cavity  and  meet  first  in  the 
upper  part  of  the  ovary  {fig.  7)  and  thus  close  the  cavity. 
The  placental  ridges  meet  later  in  the  lower  part  but  between 
them  there  are  maintained  three  spaces  in  which  the  ovules 
are  freely  suspended  until  some  time  after  fertilization,  when 
the  growth  of  the  seeds  and  the  expansion  of  the  tissue  of 
the  pericarp  invests  them  with  the  pulpy  tissue.  When  the 
ovules  first  appear  on  the  placenta  they  stand  out  at  right 
angles  to  the  axis  but  later  they  become  pendent  and  flexed 
back  along,  the  sides  of  the  dissepiments.     Ordinarily  two  or 
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three  ovules  are  borne  on  each  lobe  of  the  placenta,  making 
about  twelve  or  fifteen  in  each  ovary, 

Melothrieae 

The  pistillate  flower  of  Meloihria  arises  as  a  lateral  out- 
growth similar  to  that  of  Fevillea.  It  is  at  first  rounded  at 
the  apex,  but  soon  becomes  flattened  and  concave.  About  as 
soon  as  the  depression  becomes  distinctly  discernable,  five 
lobes  appear  upon  its  border,  and  these  increase  rapidly  in 
size  and  soon  overtop  the  concavity.  By  this  time  there  have 
arisen,  alternately  with  these  lobes,  five  others  on  the  inside 
of  the  cup  and  just  below  the  insertion  of  the  outer  circle. 
{fg.  /,  C).  This  figure  also  shows  the  beginning  of  the  stami- 
nodia  which  here  appear  as  slight  elevations  below  the  second 
circle  of  protuberances.  The  placentae  appear  in  figure  /,  D. 
Up  to  this  time,  and  much  later,  in  fact,  there  is  little  or  no 
growth  of  the  central  tissue  of  the  axis.  After  the  first  circle 
of  lobes  appears  there  is  an  increase  in  the  growth  of  the 
outer  tissue,  which  becomes  often  clearly  marked  off  from 
the  more  central  tissue  by  reason  of  its  larger  cells.  The 
growth  of  this  outer  layer  carries  up  with  it  the  younger 
lobes  so  that  they  appear  later  to  be  an  outgrowth  of  its  inner 
surface.  The  most  rapid  zone  of  growth  is  just  below  the 
second  circle  of  lobes  or  the  corolla-lobes,  so  that  the  calyx 
and  corolla  soon  become  lifted  above  the  young  placental 
lobes.  Later  another  zone  of  elongation  is  to  be  seen  below 
the  first  placental  lobes,  so  that  the  latter  become  consider- 
ably removed  from  the  bottom  of  the  cup,  and  finally  grow 
up  into  the  style  and  stigma.  The  first  series  of  lobes  formed 
gives  rise  to  the  calyx. 

After  elongation  in  the  second  zone  has  proceeded  for 
some  time  the  longitudinal  ridges  of  the  placentae  appear, 
three  in  number  reaching  to  the  bottom  of  the  cup.  These 
grow  in  toward  the  center,  become  later  angular  by  reason 
of  mutual  pressure  and  each  bears  two  rows  of  ovules,  which 
finally  assume  an  anatropous  position  with  the  micropyle  di- 
rectly toward  the  wall  of  the  ovary. 
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Cucurbiieae 

In  the  development  of  the  pistillate  flowers  Bryonofsis  dis- 
plays in  its  earliest  stages  the  same  features  as  those  which 
characterize  Fevillea.  A  lateral  outgrowth  becomes  flat- 
tened at  the  end  and  soon  the  flat  surface  becomes  concave. 
Almost  as  soon  as  the  concavity  is  perceptible  the  origin  of 
the  parts  of  the  floral  envelope  are  manifest.  Five  lobes 
arise  in  an  outer  circle,  and  these  lobes  are  alternate  with  Ave 
others  in  an  inner  circle.  At  this  time  inside  of  the  inner 
circle  of  organs  there  is  but  a  very  slight  concavity  and  no 
appearance  of  carpels  or  staminodia. 

In  the  formation  of  the  placenta  Bryonofsis  resembles 
Fevillea,  Three  ridges  arise  in  the  concavity  and  traverse 
its  sides  vertically  at  equidistant  points.  These  ridges  soon 
meet  at  the  center  and  ultimately  fill  all  the  cavity  except 
three  narrow  spaces  running  out  from  the  center  laterally. 
The  placental  folds  simply  come  into  contact  but  do  not  fuse. 
As  growth  proceeds  in  the  placenta  and  in  the  outer  tissue  of 
the  ovary  it  is  retarded  in  those  parts  which  might  be  con- 
sidered the  bases  of  the  longitudinally  running  ridges.  The 
three  radiating  narrow  spaces  between  the  placentae  now 
become  expanded  at  the  outer  border  so  that  the  ovary  in 
transverse  section  appears  to  be  divided  internally  into  three 
parts  by  radiating  fissures  with  a  T-shape  extremity.  This 
is  the  beginning  of  the  formation  of  the  free  ovule-bearing 
edge  of  the  placenta.  These  ovule-bearing  edges  lie  in  the 
angles  of  the  T.  This  modification  of  the  internal  structure 
is  confined  to  the  central  part  of  the  ovary  and  does  not  ex- 
tend upward  through  the  style.  A  triangular  passage-way 
is,  however,  maintained  through  the  style  to  the  stigma,  thus 
providing  an  open  stylar  canal. 

The  angular  borders  of  the  placenta  soon  show  a  con- 
densation of  the  protoplasm  of  their  constituent  cells,  fol- 
lowed by  the  appearance  of  the  ovules  as  slight  swellings 
along  the  borders.  Only  one  row  of  ovules  is  developed  on 
each  lobe  of  the  placenta,  so  that  in  any  transverse  section  of 
the  ovary  it  would  not  be  possible  to  find  more  than  six  ovules. 


Digitized  by 


Google 


(331) 

Only  when  the  ovules  are  quite  young  is  one  likely  to  find  as 
many  as  six,  owing  to  the  fact  that  the  subsequent  growth 
and  elongation  of  the  ovary  disturbs  somewhat  the  original 
uniform  order,  and  the  requirements  of  space  render  necessary 
a  more  economical  arrangement,  which  is  attained  by  the  over- 
lapping of  the  seeds  of  contiguous  placentae,  which  takes  place 
to  some  extent.  The  position  which  the  ovule  ultimately  as- 
sumes is  one  in  which  its  axis  is  coincident  with  a  radius  and  its 
micropyle  is  directed  outward.  In  the  earliest  stages  of  the 
ovule  its  axis  lies  at  right  angles  to  the  radius  which  passes 
through  its  center.  In  the  process  of  growth  the  apex  of  the 
ovule  is  soon  directed  toward  the  center  of  the  ovary  and 
finally  toward  the  periphery  so  that  the  apex  describes  during 
its  growth  an  arc  of  270*^.  Unlike  the  ovules  of  Fevillea^ 
those  of  Bryonapsis  remain  essentially  perpendicular  to  the 
axis  of  the  ovary,  a  condition  to  be  found  in  most  of  the 
Cucurbiteae. 

The  process  of  development  runs  about  the  same  in  other 
members  of  this  tribe.  The  cup-like  depression  appears  in  the 
young  flower  on  the  inner  surfaces  of  which  three  inwardly  pro- 
jecting ridges  meet  in  the  line  of  the  floral  axis  and  produce 
the  placental  folds  on  the  right  and  left  sides  of  each  ridge. 
While  one  finds  in  Bryono-psis^  Trichosanthes  and  Momor- 
dica  a  single  line  of  ovules  in  each  placental  border,  the  case 
is  different  in  Citrullus  and  Cucurbita.  In  these  genera 
what  was  originally  a  single  placental  border,  has  become 
doubled  or  trebled  so  that  there  are  two  or  three  longitudinally 
running  ridges  in  each  plant  instead  of  one.  Consequently 
a  transverse  section  of  the  ovary  shows  a  series  of  ovules  of 
different  sizes  borne  on  each  reflexed  margin  of  a  carpel. 
The  ovules  are  smallest  near  the  margins  of  the  carpels,  and 
largest  always  on  the  portion  of  the  placenta  nearest  its 
origin.  Between  these  two  extremes  a  gradual  progression 
in  size  is  maintained,  the  internal  development  and  differ- 
entiation of  the  ovule  keeping  pace  with  its  outward  develop- 
ment. The  difference  in  size  is  lessened,  however,  by  the 
time  the  flower  opens,  so  that  the  opportunities  for  fertilization 
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are  about  equal  so  far  as  the  degree  of  development  is  con- 
cerned. Cucumis  does  not  show  the  same  degree  of  differ- 
ence in  the  development  of  the  placenta  and  ovules  which 
is  characteristic  of  Cucurbiia  and  CitruUus.  A  transverse 
section  of  the  developing  ovary  shows  fewer  ovules  and  these 
more  equally  developed,  and  more  uniformly  placed  with 
reference  to  the  radii  of  the  section. 

In  Luffa  the  pistillate  flowers  are  early  differentiated  from 
other  lateral  outgrowths  by  the  usual  features.  Sepals, 
petals,  staminodia  and  carpels  may  all  be  recognized  in  the 
longitudinal  section  of  a  young  flower.  Such  a  section 
through  an  ovary  about  one  mm.  in  length  shows  the  incipi- 
ent style  and  the  downward  prolongation  of  the  placental 
lobes  below  the  region  of  their  origin*  This  prolongation 
may  be  one  and  a  half  times  the  length  of  the  stylar  canal 
at  this  stage.  When  the  ovary  has  attained  the  length  of 
three  mm.,  slight  elevations  along  the  placental  borders  mark 
the  origin  of  the  ovules,  which  later  appear  in  two  ranks  on 
each  border.  The  stylar  canal  does  not  elongate  in  a  propor- 
tional rate  with  the  other  structures,  for  in  an  ovary  of  this 
size  it  is  barely  one  fourth  of  the  length  of  the  lobes  of  the 
placenta.  The  ovules  gradually  turn  the  micropyle  toward  the 
periphery  of  the  ovary,  but  by  the  time  the  megaspore  has 
undergone  division  the  funicle  of  each  ovule  has  become 
much  elongated.  The  ovules  show  an  unequal  rate  of  develop- 
ment, those  on  the  proximal  portions  of  the  placenta  being' 
farther  advanced  than  are  those  on  its  extreme  borders. 

Benincasa  and  Lagenaria  exhibit  features  in  the  develop- 
ment of  pistillate  flowers  similar  to  those  of  Luffa  and  need 
not  here  be  described  in  detail.  In  these,  however,  the  pla- 
centa bears  several  rows  of  ovules  instead  of  two  as  in  Luffa. 
The  ovules  are  much  like  those  of  Cucumis^  borne  on  an 
elongated  funicle.  In  other  respects,  however,  they  are 
much  like  those  of  most  other  members  of  this  family,  pos- 
sessing a  broadly  conical  nucellus,  with  outer  integument 
strongly  developed  and  the  inner  one  hardly  visible  except 
in  younger  stages. 
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Sicyoideae 

In  the  Sicyoideae,  the  distinguishing  characters  of  which 
are  to  be  found  mostly  in  the  androecium,  one  is  impressed 
by  the  variations  in  the  forms  of  the  pistillate  flowers.  Coc-- 
cinia  presents  a  case  in  which  the  structure  of  the  ovary  is 
not  essentially  different  from  that  of  some  of  theCucurbiteae. 
Not  only  are  the  developmental  features  similar,  but  one 
finds  in  a  transverse  section  of  a  young  ovary  that  it  is  dis- 
tinctly tricarpellary,  and  furthermore,  that  on  each  placental 
border,  not  one  only,  but  two  rowj  of  ovules  are  present. 
This  condition  is  quite  different  from  that  which  is  to  be 
found  in  other  members  of  this  tribe,  viz.,  Sicyos  and  Mi-- 
cramfelis. 

The  pistillate  flowers  of  Sicyos  are  borne  in  dense  clusters, 
several  flowers  being  sessile  at  the  end  of  a  common  peduncle. 
Sections  of  the  growing  tip  of  a  flowering  shoot  pass  through 
several  of  these  clusters  at  various  stages  of  development. 
As  the  flowers  project  in  all  directions  from  the  end  of 
the  peduncle,  it  follows  that  they  appear  in  the  preparation 
sectioned  in  many  different  directions.  The  pistillate  inflo- 
rescence first  appears  near  the  growing  point  of  the  shoot  in 
the  form  of  a  blunt  outgrowth  in  the  axil  of  a  leaf-rudiment. 
This  outgrowth  soon  develops  on  its  surface  numerous  pa- 
pilla-like elevations  which  continue  to  increase  in  height. 
These  are  at  first  rounded  at  the  end,  but  later  the  end  be- 
comes flattened  perpendicularly  to  the  axis.  This  flat  sur- 
face becomes  later  depressed  at  the  center  by  reason  of  the 
more  rapid  growth  in  the  peripheral  region,  and  the  depres- 
sion gradually  deepens  into  a  cup.  About  the  time  the  de- 
pression has  reached  a  depth  a  little  greater  than  the  trans- 
verse diameter  of  the  ovary,  the  corolla-lobes  appear  near 
the  top  in  a  circle  running  parallel  with  the  upper  border  and 
on  the  inside.  This  is  followed  a  little  later  by  the  appear- 
ance of  three  elevations  a  little  lower  down  and  also  in  the 
inside.  As  growth  proceeds  the  border  or  rim  of  the  cup 
becomes  divided  to  form  the  calyx  and  the  next  circle  of 
organs  forms  the  corolla.     The  three  outgrowths  which  arise 
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from  near  the  bottom  of  the  cup  give  rise  to  the  gynoecium. 
They  grow  in  toward  the  center  until  they  meet  and  then  be- 
come prolonged  upward  to  form  the  style  and  stigma.  From 
one  of  these  outgrowths  a  small  elevation  may  be  early  dis- 
tinguished,  which  marks  the  rudiment  of  the  ovule.  This 
elevation  bends  down  toward  the  base  of  the  ovary  and  soon 
fills  the  cavity  of  the  ovary  before  there  is  any  differentiatio» 
of  integuments.  By  the  time  the  cavity  of  the  ovary  is  filled 
the  young  ovule  is  a  downward  projecting  lobe  and  about 
the  time  that  the  integuments  are  first  distinguishable  it 
begins  the  turning  which  finally  brings  it  to  the  anatropous 
position.  The  turning  takes  place  toward  the  side  on  which 
the  ovule  had  its  origin,  the  apex  of  the  nucellus  being 
turned  underneath  and  finally  brought  up  toward  the  pla- 
centa,  so  that  its  final  position  is  anatropous,  with  the  micro- 
pyle  directed  toward  the  style.  The  single  ovule  entirely 
fills  the  ovarian  cavity,  but  it  is  at  all  points  separate  from 
the  wall  except  at  the  placenta. 

The  development  of  Micrampelis  presents  some  very  inter- 
esting differences  from  the  foregoing  types.  The  pistillate 
flowers  are  borne  singly  and  each  normal  ovary  contains 
four  seeds.  In  the  mature  fruit  the  micropyles  of  the  ovules 
are  directed  toward  the  base  of  the  ovary,  the  opposite,  in 
this  respect,  of  Sicyos.  The  earlier  stages  in  the  develop- 
ment of  the  ovary  resemble  those  of  Sicyos^  in  the  manner  of 
the  formation  of  the  cup  and  the  development  of  the  two 
apparent  rings  inside  the  cup.  The  upper  ring  grows  upward 
forming  style  and  stigma,  as  in  Sicyos.  The  lower  ring  be- 
comes modified  in  a  very  different  way.  The  ovary  here  is 
evidently  composed  of  two  carpels  and  the  inflexed  borders 
of  these  carpels  as  usual  become  the  placentae.  What 
appears  to  be  a  ring  is  not  actually  such  but  opposite  eleva- 
tions which  mark  the  edges  of  the  carpels  and  which  are  more 
or  less  convergent  horizontally.  These  elevations  appoach 
from  opposite  sides  and  flatten  against  each  other  at  the  center, 
so  that  two  lobes  are  formed  each  provided  with  two  wings. 
On  the  lower  portion  of  each  wing  an  ovule  arises  in  the 
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usual  manner.  The  apex  of  the  nucellus  is  at  first  directed 
downward  but  gradually  turns  toward  the  axis  of  the  ovary. 
The  turning  continues  so  that  the  micropyle  is  at  one  time 
directed  toward  the  axis,  later  upward,  and  finally  downward 
again  by  continuous  turning  in  the  same  direction.  As  in 
Sicyos  the  cavity  of  the  ovary  is  very  early  filled  by  the  grow- 
ing tissue  and  the  ovules,  but  here  also  the  stylar  canal  is 
maintained.  While  the  turning  of  the  ovule  is  taking  place 
a  torsion  of  the  funicle  is  also  going  on  so  that  the  raphe  in- 
stead of  lying  on  that  side  of  the  ovule  which  is  toward  the 
median  line  of  the  carpel,  is  on  the  side  toward  the  line  of 
union  of  the  carpels.  The  placentation,  which  is  at  first  ap- 
parently basal  and  later  central,  is  in  reality  parietal  and  es- 
sentially similar  to  that  of  the  other  types  already  considered. 

Cyclanthereae 
Near  the  growing  point  of  the  shoot,  in  Cyclanthera^  there 
arise  lateral  protuberances  (leaf-rudiments),  and  in  the  axils 
of  these  outgrowths  other  lobes  appear  which  are  the  prim- 
ordia  of  the  inflorescences.  The  division  of  the  axillary  lobe 
into  lesser  lobes  is  soon  apparent.  One  of  these  becomes  a 
pistillate,  the  others  all  staminate  flowers.  The  difference 
between  the  two  can  early  be  recognized.  Both  at  first  are 
flattened  across  the  apex,  but  soon  the  staminate  flowers  are 
marked  by  a  convexity  within  the  circle  of  corolla  lobes,  while 
the  pistillate  flowers  become  more  concave.  In  the  pistillate 
flower  this  concavity  deepens  and  the  placenta  appears  as  a 
broad  ridge  inside  running  parallel  with  the  axis  of  the 
flower.  This  placental  ridge  soon  fills  the  cavity  and  bears 
from  ten  to  fifteen  ovules  in  two  lateral  rows.  The  stylar 
canal,  easily  discernible  in  the  earlier  stages,  is  practically 
obliterated  at  the  time  of  the  fertilization.  At  this  time  the 
ovules  stand  almost  perpendicular  to  the  axis  of  the  ovary 
with  the  micropyle  directed  outward  near  the  line  of  union 
of  the  carpel-borders. 
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Embryo-sac 
Fevillea 
The  first  indication  of  the  appearance  of  the  ovules  upon 
the  placental  folds  may  be  noted  at  the  time  when  the  young 
pistillate  flower  is  slightly  less  than  i  mm.  in  length.  Slight 
elevations  along  the  reflexed  margins  of  the  carpels  indicate 
the  positions  of  the  individual  ovules.  At  this  time  the 
whole  placental  region  shows  distinctly  the  characteristics  of 
meristematic  tissue.  As  Warming^  has  shown,  the  growth 
of  the  ovular  **  Anlage  "  proceeds  by  the  division  of  subepi- 
dermal cells,  and  he  has  pointed  out  that  in  some  these  divi- 
sions occur  chiefly  in  those  cells  situated  immediately  below 
the  epidermis,  and  in  others  in  the  third  layer  of  cells,  or  the 
second  below  the  epidermis.  Among  the  Sympetalae  the 
former  type  is  represented  by  Senecio^  the  latter  by  Symphy- 
tum^  Verbascumy  Lamium  and  others.  A  section  through 
the  ovary  of  a  very  young  flower  of  Fevillea^  before  there  is 
any  indication  of  the  formation  of  ovules,  shows  that  the 
multiplication  of  cells  is  chiefly  in  the  region  several  layers 
of  cells  deep  under  the  epidermis.  There  are  no  very  regu- 
lar subepidermal  layers  of  cells  at  this  period,  divisions  occur- 
ring in  different  planes.  The  divisions,  however,  predomi- 
nate in  the  plane  tangential  with  reference  to  the  ovary  wall, 
so  that  the  central  region  of  the  placenta  shows  radiating 
rows  of  cells  which  flex  to  right  and  left  toward  the  borders 
from  which  the  ovules  arise.  When,  however,  the  formation 
of  ovules  begins  to  be  evident,  a  layer  of  subepidermal  cells 
of  considerable  regularity  is  noticeable,  and  divisions  occur 
abundantly  in  this  layer  as  well  as  in  the  epidermis  in  a  radial 
direction.  Sometimes  the  second  and  third  layers  assume  a 
degree  of  regularity,  all  of  which  is  merely  an  expression  of 
the  direction  of  growth  at  this  time.  The  subepidermal  layer 
remains  distinct  for  some  time  while  divisions  of  its  cells  are 
taking  place  in  radial  planes.  Even  after  tangential  walls  are 
formed  in  these  cells,  the  limits  of  the  original  subepidermal 
layer  are  still  apparent  in  the  older  and  thicker  walls  which 
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toward  the  outside  separate  it  from  the  epidermis  and  toward 
the  inside  from  the  more  deeply  lying  tissue.  The  first  tan- 
gential walls  may  be  formed  in  this  layer  at  the  apex  of  the 
nucellus. 

The  first  suggestion  of  the  origin  of  an  integument  is  to  be 
seen  in  the  enlargement  radially  of  the  cells  of  the  epidermis 
at  two  points  9  as  appears  in  section  not  far  removed  from  the 
apex  of  the  nucellus.  This  collar-like  growth  is  next  aug- 
mented by  a  tangential  division  of  the  epidermal  cells  at  its 
summit  and  later  by  the  divisions  of  those  beneath.  The 
inner  integument  is  clearly  to  be  recognized  before  the  outer 
one  and  rises  above  the  nucellus  as  a  thin  collar  two  layers 
of  cells  in  thickness  and  divided  entirely  from  the  epidermis. 
By  the  time  that  the  inner  integument  has  formed  a  distinct 
ridge  around  the  young  ovule,  the  expansion  of  the  mass  of 
tissue  at  its  base  denotes  the  beginning  of  the  outer  integu- 
ment. The  growth  of  this  integument  soon  exceeds  that  of 
the  inner  and  before  there  has  been  much  differentiation  of 
structures  within  the  nucellus  it  has  far  overtopped  the  inner 
integument  and  the  nucellus.  The  ovule,  in  regard  to  the 
relative  size  of  its  different  vegetative  parts,  is  unlike  that  of 
other  sympetalous  flowers  (Boraginaceae,  Labiatae,  Scro- 
phulariaceae,  Valerianaceae,  Compositae),  in  which  there 
is  a  reduction  of  the  nucellus  and  inner  integument.  In  its 
earlier  stages  especially  it  bears  far  more  resemblance  to 
those  of  some  of  the  Choripetalae  (Rosaceae,  Geraniaceae) 
than  to  those  of  other  groups  to  which  the  Cucurbitaceae  are 
regarded  as  more  closely  related.  Figure  13  shows  the  rela- 
tive development  of  the  different  parts  of  the  ovule.  The  in- 
teguments present  the  rather  unusual  appearance  of  being 
much  elongated  and  standing  free  for  a  considerable  distance 
above  the  nucellus.  The  micropyle  is  a  wide  canal  up  to  the 
time  of  fertilization  and  up  to  this  time  the  inner  integument 
is  always  distinct  from  the  outer.  Soon  after  this  period, 
however,  when  there  is  the  most  rapid  development  of  struc- 
tures within  the  nucellus,  it  becomes  almost  obliterated  at 
the  sides  of  the  nucellus,  though  plainly  visible  toward  the 
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chalaza  and  at  the  micropyle.  In  the  latter  place  it  has 
practically  filled  the  micropyle  by  a  proliferation  of  cells  on 
its  inner  surface.  At  about  the  time  of  fertilization  the  outer 
epidermis  of  the  outer  integument  begins  the  tangential  divi- 
sions which,  as  Harz'^  has  described  for  other  Cucurbitaceae, 
give  rise  to  the  characteristic  histological  features  which  are 
well  known  in  the  ripe  seeds  of  this  family.  Subsequently 
to  this  period,  growth  in  the  ovule  is  principally  in  the  outer 
integument,  the  nucellus  enlarging  mainly  by  the  expansion 
of  cells  already  formed. 

When  the  first  periblem  layer  in  the  very  young  ovule  has 
assumed  some  degree  of  regularity,  a  cell  situated  imme- 
diately below  the  epidermis  at  the  apex  of  the  young  nucellus 
increases  in  size  and  becomes  clearly  differentiated  from  its 
neighbors  {Jig*  p)*  The  first  division  of  this  cell  is  tangen- 
tial and  a  single  tapetal  cell  is  cut  off.  The  inner  daughter- 
cell,  the  megaspore-mother-cell,  remains  undivided  and  enters 
upon  a  period  of  growth.  The  tapetal  cell  in  the  meantime 
divides  by  walls  both  perpendicular  and  tangential  to  the  epi- 
dermis, so  that  the  spore-mother-cell  soon  becomes  covered 
by  a  row  of  cells  to  the  number  of  ten  or  twelve.  At  this 
time  divisions  are  going  on  in  the  cells  to  the  right  and  left  of 
this  row  so  that  several  rows  of  cells  are  formed  and  the  ap- 
pearance is  such  as  is  shown  in  figure  12. 

Both  first  and  second  divisions  of  the  spore-molher-cell 
were  observed.  Four  spores  are  formed,  but  only  the  lower- 
most one  is  functional.  The  four  megaspores  were  some- 
times observed  soon  after  the  division  when  they  were  all  in 
good  condition  and  again  when  the  three  uppermost  ones 
were  beginning  to  disintegrate  {Jig.  16).  In  figure  16  the 
two  upper  cells  appear  a  little  more  advanced  in  the  process 
of  disintegration  than  does  the  third  cell.  Usually  light 
walls  are  formed  between  the  potential  megaspores,  but 
sometimes  none  are  formed  in  the  first  division.  It  might  be 
inquired  as  to  whether  this  condition  does  not  represent  the 
second  division  of  the  megaspore  rather  than  the  second  di- 
vision of  the  megaspore-mother-cell.     It  may  be  answered 
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that  such  can  hardly  be  the  case,  inasmuch  as  no  potential 
megaspores  were  observed  nor  any  cells  that  could  be  taken 
as  such,  upon  this  assumption.  The  division  into  four  mega- 
spores occurs  with  so  great  a  regularity  in  this  type  that  there 
is  hardly  a  chance  for  such  an  error. 

The  functional  megaspore  enters  upon  a  period  of  enlarge- 
ment and  divides  to  form  the  embryo-sac  in  the  usual  man- 
ner. The  definitive  embryo-sac  is  smaller  than  that  found 
in  some  of  the  other  genera.  As  the  fixation  of  the  material 
in  the  definitive  embryo-sac  stage  was  not  very  good,  no  de- 
scription of  its  minute  structure  will  be  attempted.  It  pre- 
sents about  the  same  general  features  as  are  found  in  the 
embryo-sacs  of  the  other  genera  studied.  The  endosperm 
nuclei  fuse  before  fertilization.  The  antipodal  cells  are 
noticeable  only  for  a  short  time.  The  egg-apparatus  con- 
sists of  two  synergids,  pyriform,  vacuolated ,  with  striated 
hyaline  upper  portions  and  a  centrally  situated  nucleus. 
The  odsphere  as  in  other  cases  presents  a  much  vacuolated 
appearance  in  its  upper  portion  and  a  small  nucleus  em- 
bedded in  the  thicker  protoplasm  of  its  lower  portion. 

Preparations  showing  the  process  of  fertilization  were  not 
secured.  Some  preparations  showing  young  embryos  were 
obtained,  however,  and  the  embryos  appear  to  differ  a  good 
deal  from  those  of  the  other  genera.  A  small  mass  of  cells 
is  to  be  seen  lying  close  against  the  tissue  of  the  nucellus  in 
the  embryo-sac.  The  divisions  have  produced  an  embryo  of 
about  ten  to  twelve  cells,  of  which  a  part  are  shown  in  figure 
20.  The  first  cleavage-planes  could  not  with  certainty  be 
determined  in  this  case,  but  they  are  apparently  transversel. 

In  the  case  represented  by  figure  24,  the  cell-formation  of 
the  embryo  is  quite  regular,  but  in  most  cases  the  embryo 
consists  of  a  rounded  mass  in  which  no  definite  system  of 
cleavages  is  apparent  {^gs.  20  and  22).  In  figure  20  the 
line  ab  appears  to  represent  the  oldest  cleavage-plane,  as  it  is 
the  thickest  of  the  walls  there  apparent.  But  in  this  case  no 
suspensor  appears ;  which  is  the  condition  in  the  majority  of 
the  Cucurbitaceae.      Later  embryonic  stages  were  not  ob- 
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served.  The  endosperm  is  only  a  very  thin  peripheral  mass, 
at  the  time  in  the  development  of  the  embryo  indicated  by 
figure  21.  Its  nuclei  are  very  small  and  are  not  clearly  dis- 
tinct, but  are  thickly  scattered  through  a  densely  granular 
protoplasm.  The  cavity  occupied  by  the  embryo-sac  rapidly 
expands  after  fertilization  and  the  endosperm  remains  closely 
applied  to  its  periphery.  At  the  micropylar  end  the  cavity 
is  oval,  narrowing  quickly  to  a  narrow  tube  which  stretches 
toward  the  chalaza,  the  tissue  of  the  nucellus  disintegrating 

before  it. 

Melothria 

The  ovule  originates  in  Melothria  as  a  rounded  elevation 
on  the  right  or  left  flank  of  the  placenta.  By  growth  of  the 
hypodermal  cells  at  the  apex  of  this  elevation,  its  cells  are 
brought  into  a  serial  arrangement  in  rows  running  back 
toward  the  base  of  the  rudimentary  nucellus.  The  spore- 
mother-cell  apparently  originates  in  this  form  as  in  Fevillea. 
The  earliest  stage  observed  is  represented  by  figure  25^  which 
shows  the  relative  size  of  the  spore-mother-cell  and  its  rela- 
tion to  other  parts  of  the  young  ovule.  While  the  subse- 
quent stages  of  development  were  not  fully  represented  in  the 
preparations  obtained,  enough  was  observed  to  give  a  more 
or  less  adequate  idea  of  the  course  of  development. 

About  the  time  when  the  spore-mother-cell  appears,  the 
ovule  begins  to  turn  toward  the  placenta  and  the  inner  integ- 
uments begin  to  show.  At  this  time  the  apex  of  the  nucellus 
is  directed  toward  the  center  of  the  ovary,  thus  having  its 
long  axis  coincident  with  a  radius.  When  the  embryo-sac 
has  reached  the  four-celled  stage  as  shown  in  figure  26^  it 
has  turned  to  a  position  at  right  angles  to  a  radius.  Numer- 
ous preparations  showing  four  cells  in  the  embryo-sac  were 
obtained,  but  in  none  of  these  was  there  any  evidence  of 
degenerated  potential  megaspores.  If  such  structures  were 
present  they  must  have  disappeared  early.  By  the  time  the 
embryo-sac  has  become  ready  for  fertilization  the  micropyle 
is  directed  outward.  The  embryo-sac  in  all  stages  in  Melo- 
thria  is  very  minute  and  does  not  lend  itself  to  the  study  of 
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more  than  its  grosser  morphological  features.  It  consists 
{Jig*  2y)  of  an  egg-cell,  two  synergids  and  two  polar  nuclei, 
at  a  time  when  the  pollen-tube  can  be  detected  in  the  tissue 
just  outside  the  micropyle.  The  synergids  are  long,  narrow 
and  vacuolated  in  their  lower  portions.  The  egg-cell  is  rela- 
tively large,  but  consists  of  only  a  thin  protoplasmic  sac  with 
the  nucleus  at  the  lower  end.  The  polar  nuclei  are  largest 
and  surrounded  by  a  dense  mass  of  protoplasm.  No  antip- 
odals  could  be  found. 

Several  stages  in  the  development  of  the  embryos  were 
observed.  The  earliest  walls  found  are  transverse,  but  these 
are  soon  succeeded  by  longitudinal  divisions  (Jigs.  28-ji\ 
first  in  the  distal  cell  of  the  series,  and  later  in  the  short  or 
rudimentary  suspensor.  The  cells  of  the  suspensor  are  never 
many,  and  the  few  that  are  formed  are  soon  disorganized 
{Jigs.  jOy  ji).  The  first  cleavage  of  the  proembryos  are 
quite  regular  (Jig.  31)9  but  the  subsequent  divisions  are  in  no 
definite  order,  and  a  globular  mass  of  cells  is  soon  formed 
{Jig.  J2)  in  which  no  differentiation  is  apparent  except  that 
the  epidermis  is  clearly  defined  and  remains  so.  A  beak-like 
prolongation  in  the  proximal  portion  indicates  the  slight  sus- 
pensor, which  is  not  always  connected  with  the  wall  of  the 
embryo-sac  cavity ;  the  embryos  usually  appearing  to  be  free 
in  the  micropylar  end  of  the  cavity.  The  spherical  form  of 
the  embryos  is  maintained  until  they  reach  a  size  visible 
through  an  ordinary  hand-lens.  An  elongation  of  the  mass 
then  begins  and  the  cotyledons  soon  appear  as  two  lobes  at 
the  distal  extremity  (Jig.  33).  In  the  next  later  stage  ob- 
served the  cotyledons  had  assumed  the  proportions  indicated 
by  figure  34.  Still  no  differentiation  of  periblem  and  ple- 
rome  could  be  detected,  but  the  initial  stages  in  the  formation 
of  the  root-cap  were  visible. 

The  endosperm  begins  to  form  early  after  fertilization. 
The  complete  fusion  of  the  polar  nuclei  was  not  observed, 
but  if  it  occurs  it  must  be  at  about  the  time  of  fertilization. 
By  the  time  the  first  cleavage  of  the  embryo  has  been  com- 
pleted, the  endosperm  has  formed  a  thin  sac  which  rapidly 
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displaces  the  surrounding  tissue  of  the  nucellus.  As  the 
cavity  in  the  nucellus  expands  the  endosperm  keeps  pace  with 
it,  forming  always  a  thin  layer  closely  applied  to  the  sterile 
tissue.  The  displacement  of  the  tissue  of  the  nucellus,  how- 
ever, is  mainly  in  the  direction  of  the  chalaza,  and  even  when 
the  embryo  is  comparatively  small  (^.  32)  the  nucellus  is 
penetrated  by  a  thin  string  of  endosperm  which  reaches 
almost  to  its  base.  When  the  embryo  is  older  {^gs.  33^34) 
this  string  of  endosperm  becomes  more  evident,  but  the  lateral 
tissue  of  the  nucellus,  that  is  the  tissue  along  its  sides,  is  only 
slowly  dissolved.  The  nucellus  and  in  fact  all  parts  of  the 
ovule  enlarge  rapidly,  so  that  at  the  stage  of  embryonic  de- 
velopment represented  by  figure  j-?,  which  is  comparatively 
early,  the  ovules  have  already  enlarged  to  many  times  their 
size  at  the  time  of  fertilization,  and  the  outer  integument  has 
already  undergone  considerable  modification  in  the  way  of 
thickened  cell-walls. 

Afodanthera 

The  material  available  for  the  study  of  this  form  was 
somewhat  fragmentary,  consisting  mainly  of  fruits  and  seeds 
in  rather  advanced  conditions.  The  early  stages  showing  the 
development  of  the  gynoecium  and  the  origin  of  the  sporog- 
enous  tissue  were  entirely  lacking.  Figures  35-43  repre- 
sent fairly  well  the  conditions  observed  in  this  material,  which 
include  mature  embryo-sacs  and  embryos  in  various  stages  of 
development. 

The  development  of  the  ovary  in  Afodanthera  appears  to 
conform  to  the  usual  type  so  far  as  could  be  determined  from 
the  material  at  hand.  Each  placental  flank  bears  a  row  of 
ovules  which  at  the  time  of  fertilization  lie  with  their  micro- 
pyles  directed  outward.  At  this  time  the  placentae  have 
entirely  fused  where  they  come  into  contact  at  the  center. 
The  ovules  at  this  stage  are  nearly  circular  in  longitudinal 
section,  the  outer  integument  being  thick  (about  one  sixth 
the  diameter  of  the  ovule),  while  the  inner  integument  is  but 
a  thin  layer,  two  or  three  cells  in  thickness. 
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The  embryo-sac  at  the  time  of  fertilization  occupies  but  a 
small  oval  space  near  the  micropyle.  At  this  stage  it  con- 
sists of  the  usual  structures  though  with  certain  individual 
characteristics  worth  noting  {fig^  35).  The  most  conspicuous 
element  of  the  embryo-sac  is  its  endosperm  nucleus.  This 
is  relatively  large ;  it  is  marked  also  by  its  chromatin  content 
and  large  nucleolus.  The  cytoplasm  surrounding  the  nucleus 
is  quite  dense  and  radiates  from  the  center  in  strands  sepa- 
rated by  numerous  vacuoles.  The  egg-apparatus  in  its  gen- 
eral form  and  structure  conforms  to  the  types  already  de- 
scribed. The  nuclei  and  the  vacuoles  of  the  synergids  are 
quite  small  as  compared  with  those  observed  in  some  of  the 
other  forms.  In  this  case  antipodals  were  observed,  though 
only  as  vestiges  {jig.  35). 

Immediately  after  fertilization  certain  marked  changes  may 
be  seen  in  the  character  of  the  embryo-sac.  It  expands, 
much  as  in  other  cases,  into  a  sac-like  structure,  but  soon 
becomes  filled  with  numerous  refractive  starch-grains,  among 
which  occasional  free  nuclei  are  easily  seen  {jig.  36).  The 
nuclei  and  the  starch-grains  are  both  more  abundant  in  the 
upper  portion  of  the  embryo-sac.  The  nuclei  have  lost  some 
of  the  features  which  characterized  the  original  endosperm 
nucleus,  being  here  almost  devoid  of  any  chromatic  sub- 
stances, aside  from  the  large  nucleolus.  The  starch  which 
forms  so  conspicuous  a  part  of  the  endosperm  is,  however, 
of  only  transient  duration.  The  endosperm  expands  rapidly 
toward  the  chalaza  and  laterally  and  soon  becomes  a  thin 
layer  of  vacuolated  protoplasm,  in  which  the  nuclei  are  still 
free.  The  starch  at  this  stage  {jig.  39)  has  entirely  disap- 
peared. The  lower  extremity  of  the  endosperm  soon  as- 
sumes the  appearance  of  a  haustorium.  In  this  condition  it 
appears  as  a  finger-shaped,  vacuolated  mass,  containing 
several  nuclei  {jig^  jp),  before  which  the  tissue  of  the  nucellus 
breaks  down.  This  appendage,  however,  disappears  in  the 
course  of  development  (Jig*  41)9  but  in  the  case  just  cited  the 
nucellus  presents  no  further  obstactle  to  the  development  of 
either  endosperm  or  embyro.     At  this  stage  the  endosperm 
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has  become  entirely  cellular,  a  mass  of  loose  tissue  whose 
outer  surface  is  composed  of  a  layer  of  cubical  or  tabular 
cells. 

The  embryo  does  not  materially  differ  from  those  of  sev- 
eral other  forms  examined.  An  earlier  stage  than  that  rep- 
resented by  figure  j/  was  not  observed.  Here  can  be  seen  a 
short  suspensor  with  some  longitudinal  divisions  and  the  epi- 
dermis marked  off  to  some  degree.  The  subsequent  growth 
of  the  embryonic  mass  results  in  the  assumption  of  a  pyriform 
shape,  which  gradually  gives  way  to  a  more  rounded  form. 
The  cotyledons  appear  at  a  slightly  later  stage,  when  the 
distal  portion  of  the  mass  becomes  somewhat  flattened.  The 
differentiation  of  structures  at  the  apex  of  the  radicle  does 
not  appear,  however,  until  some  time  later,  as  shown  in  fig- 
ure ^,  in  which  the  root-cap  and  dermatogen  may  be  distin- 
guished. At  the  stage  represented  in  figure  jg  the  form  of 
the  ovule  is  materially  changed.  It  elongates  rapidly  during 
this  period  and  when  the  early  embryonic  differentiation  ap- 
pears {Jig*  43)  has  practically  assumed  the  proportions  of  a 
ripe  seed. 

Bryonoj>sis 

In  the  case  of  Bryonofsis  there  arises  a  single  row  of 
ovules  upon  each  flank  of  the  placenta.  Beneath  the  apex 
of  the  incipient  nucellus  the  spore-mother-cell  may  be  found 
at  an  early  stage.  Although  an  entirely  complete  series  of 
the  early  stages  was  not  obtained,  the  conditions  that  were 
observed  indicate  that  the  spore-mother-cell  arises  in  the 
usual  way.  In  the  earliest  stage  observed  but  two  tapetal 
cells  were  found  separating  the  mother-cell  from  the  overly- 
ing epidermis.  Figure  4.4.  shows  a  condition  slightly  later. 
About  this  time  the  inner  integument  may  be  detected  arising 
from  the  epidermis  in  a  ring  below  the  apex  of  the  nucellus. 

By  the  periclinal  divisions  of  the  tapetal  cells  and  those 
adjoining,  the  spore-mother-cell  soon  becomes  centrally  situ- 
ated in  the  nucellus  {Jig.  4s)*  I*  ^l^o  becomes  considerably 
elongated  and  soon  divides  into  four  megaspores  of  which 
the  lowermost  is  the  functional  one  {Jig.  46).     The  three 
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tipper  cells  disorganize  and  may  be  seen  in  later  stages  as  a 
dark  mass  overlying  the  young  embryo-sac  (jfig*  4-f)*  The 
development  of  the  parts  of  the  ovule  keeps  pace  with  that 
of  the  internal  structures  and  when  the  condition  represented 
by  figure  46  is  reached,  the  inner  and  outer  integuments  have 
overtopped  the  nucellus,  the  former  thin  and  composed  mostly 
of  two  layers  of  cells ,  the  latter  thick  and  showing  some  dif- 
ferentiation of  vascular  tissue. 

An  embryo-sac  of  two  cells  is  shown  in  figure  4,y  and 
another  of  eight  cells  in  figure  4.8.  In  the  megaspore 
{fg.  46)  the  nucleus  is  more  prominent  than  in  any  of 
the  subsequent  stages,  and  as  growth  of  the  cell  proceeds, 
vacuolization  follows  to  a  large  extent.  After  the  first 
division  the  two  resulting  nuclei  are  separated  to  opposite 
ends  of  the  embryo-sac  by  the  large  vacuole  {Jig^  47)f  and 
the  nuclei  resulting  from  subsequent  divisions  are  similarly 
disposed  (jig^.  4S).  In  the  preparation  represented  by  figure 
48  the  earlier  steps  in  differentiation  were  visible.  The  syn- 
ergids,  oosphere  and  upper  polar  nucleus  were  easily  dis- 
cernible. In  the  antipodal  region  not  so  much  difference 
was  visible  but  the  polar  nucleus  appears  the  most  conspicu- 
ous of  them  all.  The  definitive  embryo-sac  has  some  charac- 
ters in  common  with  those  previously  described.  The  syn- 
ergids  are  slender,  pointed  at  the  upper  ends  and  vacuolated 
in  the  broader,  lower  portion.  As  in  other  cases  the  upper 
portion  bears  a  hyaline  striated  aspect.  The  oosphere  is 
somewhat  more  conspicuous  than  in  many  other  cases  and 
the  polar  nuclei  less  so.  The  antipodals  remain  quite  evi- 
dent up  to  this  time.  Figure  4g  represents  a  condition  in 
which  the  polar  nuclei  are  in  contact  but  not  united.  The 
complete  fusion  of  these  was  not  observed.  At  the  stage  rep- 
resented by  figure  ^p,  which  is  prior  to  fertilization,  the 
embryo-sac  is  packed  with  starch  which  persists  until  some 
time  after  fertilization  {Jig.  50). 

The  ovule  at  the  time  of  fertilization  is  oblong  in  form, 
its  length  being  approximately  three  times  its  broadest  diam- 
eter.    Not  until  fertilization  has  been  accomplished  is  the 
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growth  very  rapid.  Then,  however,  it  expands  rapidly,  its 
growth  in  length  being  considerably  greater  than  that  in 
breadth.  The  embryo-sac,  at  the  time  indicated  by  figure  ^p, 
occupies  the  center  of  the  upper  half  of  the  nucellus,  the 
cells  immediately  surrounding  it  appearing  somewhat  crowded 
or  compressed.  After  fertilization,  however,  this  tissue  at 
once  gives  way  before  the  expanding  endosperm.  The  tissue 
surrounding  the  embryo-sac  now  colors  a  little  more  deeply 
when  the  preparation  is  stained.  While  growth  in  length 
is  proceeding  rapidly  the  nucellus  becomes  cleft  from  apex 
to  chalaza,  though  apparently  due  to  the  tension  of  growth 
in  its  peripheral  region  and  not  to  any  influence  of  the 
endosperm. 

The  endosperm,  after  fertilization  of  the  oosphere,  soon  be- 
comes distributed  peripherally  {Jig^  56)^  and  forms  an  ex- 
ceedingly thin  layer  for  some  time.  The  starch  may  still  be 
found  in  simple  and  compound  grains  distributed  irregularly 
in  this  layer  of  protoplasm.  During  this  period  the  nuclei 
increase  considerably  in  size,  as  can  be  seen  by  a  comparison 
of  figures  4.g  and  50,  which,  were  drawn  to  the  same  scale. 
At  this  time  the  endosperm  is  non-cellular,  but  the  nuclei 
soon  become  separated  by  walls  throughout,  and  in  its  upper 
portion  it  appears  as  shown  in  figure  5/,  at  which  stage  all 
traces  of  starch  have  disappeared.  The  cells  of  the  endo- 
sperm are  most  compact  in  its  outer  portion,  those  more  cen- 
trally situated  possessing  only  a  thin  layer  of  cytoplasm 
which  lines  the  cell-wall. 

Only  two  conditions  of  the  embryo  were  observed  in  Bry- 
onopsis.  After  fertilization  the  oosphere  enlarges  to  a  consid- 
erable degree  before  dividing  {Jig.  50).  The  earlier  cleavages 
were  not  discovered  in  any  of  the  preparations,  but  a  later  con- 
dition (Jig*  Ji)  was  found  which  shows  the  embryo  to  be  at 
one  stage  almost  spherical  in  form  with  no  visible  suspensor. 
No  differentiation  of  structure  is  apparent  at  this  stage  except 
the  epidermis.  From  this  condition  it  may  be  inferred  that 
the  differentiation  of  form  and  structure  proceeds  in  this  form 
about  as  in  some  of  the  other  types  described.     In  view  of 
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the  ephemeral  character  of  the  suspensor  in  the  other  forms 
it  is  quite  possible  that  such  a  structure  may  be  formed  here, 
but  later  lost.  Cell-division  at  this  stage  proceeds  at  random 
and  only  at  opposite  ends  is  there  any  apparent  regularity  in 
the  sequence  of  the  cell-divisions.  Cells  at  the  proximal  end 
appear  at  this  stage  to  initiate  the  process  by  which  the  root- 
cap  is  differentiated 9  and  at  the  distal  end  to  form  in  that 
order  which,  in  later  embryos,  shows  them  arranged  in  layers 
parallel  with  the  epidermis. 

Trichosanthes 

Trichosanthes  presents  certain  features  which  quite  strongly 
suggest  those  found  in  Bryonofsis.  In  the  origin  of  the 
ovule  upon  the  placenta  the  conditions  are  quite  similar,  each 
flank  of  the  placenta  bearing  a  single  series  of  ovules.  The 
first  indication  of  the  formation  of  sporogenous  tissue  may  be 
seen  when  the  ovule  is  still  merely  a  small  elevation  on  the 
placenta.  At  this  time  the  archesporium,  consisting  of  a 
single  cell,  appears  immediately  below  the  epidermis  at  the 
apex  of  the  young  nucellus  {fig*  52).  It  may  readily  be  rec- 
ognized by  the  usual  characters  which  mark  sporogenous 
tissue.  At  this  stage  no  differentiation  of  the  ovule  is  appar- 
ent, but  its  rapid  growth  results  in  the  distribution  of  its  cells 
in  confocal  series  as  seen  often  in  longitudinal  section  of  the 
organ. 

The  hypodermal  archesporial  cell  divides  to  form  the  tape- 
tum  and  the  spore-mother-cell.  The  former  continues  to 
divide  by  periclinal  walls,  thus  forming  an  axial  row  of  from 
ten  to  twelve  cells.  The  sporogenous  cell  enlarges  in  the 
mean  time,  acquiring  a  nucleus  which  occupies  most  of  the 
space  within  the  walls  of  the  cell  {Jig*  53)*  The  process  of 
spore-formation  appears  to  be  quite  regular  in  Trichosanthes^ 
that  is  the  functional  megaspore  is  one-fourth  the  spore- 
mother-cell.  The  first  division  results  in  the  formation  of  two 
cells,  of  which  the  outer  one,  however,  does  not  again  divide. 
It  immediately  disorganizes,  while  the  other  cell,  the  lower  of 
the  two,  proceeds  to  divide  again  transversely.     The  spindle 
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of  the  division  may  be  clearly  seen,  while  the  adjoining  cell 
is  in  the  process  of  deterioration  {Jig.  ^4).  The  outer  cell  re- 
sulting from  the  second  division  also  disorganizes,  so  that  the 
functional  cell  is  the  lowest  of  the  series  {Jig*  Jj)*  In  this 
case  the  remains  of  the  discarded  cell  from  the  first  division 
are  still  visible. 

It  is  quite  probable  that  the  development  of  the  embryo-sac 
from  the  spore  thus  formed  proceeds  in  the  usual  manner, 
though  some  of  the  steps  were  not  observed.  The  definitive 
embryo-sac  is  represented  by  figure  jd.  In  this  case  the  egg- 
apparatus  presents  the  usual  features.  The  synergids  are 
rather  more  conspicuous  than  in  the  preceding  form  (Jig.  ^p), 
and  the  oosphere  less  so.  The  antipodals  are  large  and  stain 
deeply,  though  the  latter  fact  is  apparently  due  to  their  par- 
tially disorganized  condition.  The  endosperm  nucleus  is 
formed  by  the  union  of  the  two  polar  nuclei,  though  the  two 
larger  nucleoli  thus  contributed  remain  distinct,  so  far  as  it  was 
possible  to  observe.  The  embryo-sac  at  this  stage  does  not 
present  the  much- vacuolated  appearance  which  was  character- 
istic of  some  of  the  foregoing  forms  {Apodanihera\  but  in- 
stead is  very  compact  and  like  that  of  Bryonopsis  is  filled 
with  starch.  This  starch  is  conspicuous  in  the  embryo-sac 
until  after  fertilization  and  then  soon  disappears  {Jig*  57)* 
At  this  time  the  embryo-sac  begins  to  expand  and  the  sur- 
rounding tissue  is  affected  for  some  distance,  as  indicated  by 
its  staining  properties.  As  appears  in  some  of  the  cases 
already  described,  the  endosperm  becomes  modified  in  charac- 
ter as  the  embryo  begins  to  form.  It  not  only  loses  its  starch 
but  becomes  distributed  as  a  very  thin  sac  closely  approxi- 
mated to  the  rapidly  receding  tissue  of  the  nucellus.  The 
nuclei  are  at  first  free  in  the  endosperm  and  irregularly  dis- 
tributed through  it.  They  are  not  nearly  so  conspicuous  in 
size  and  chromatic  content  as  was  the  original  nucleus.  In 
a  still  later  condition  of  the  endosperm  the  nuclei  enlarge 
somewhat  {Jig.  66)^  but  it  is  to  be  noted  that  with  the  progress 
of  development  the  nucleoli  constantly  diminish  in  size.  The 
endosperm  has  become  entirely  cellular  before  the  embryo 
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has  reached  any  considerable  degree  of  development  {Jig*  Jp). 
A  few  cells  from  the  upper  end  of  this  mass  are  shown  in 
detail  i^fig*  66).  In  these  the  scant  cytoplasm  is  a  very  promi- 
nent feature. 

The  embryo  proceeds  from  a  fertilized  odsphere,  presum- 
ably. The  process  of  fertilization  was  not  observed,  but 
conditions  in  the  embryo-sac  appear  to  point  to  the  oosphere  as 
the  functional  cell.  What  seem  to  be  disorganized  syner- 
gids  are  plainly  visible  in  the  embryo-sac  after  the  embryo 
has  begun  to  form.  At  any  rate  the  embryo  begins  its  growth 
by  a  series  of  transverse  divisions  {Jigs.  S7y  5^)*  O^  ^^^  cells 
thus  formed  the  proximal  ones  act  as  a  suspensor  of  very 
transient  duration.  The  distal  cells  enlarge  to  form  a  pyri- 
form  mass  in  which,  at[the  stage  indicated  by  figure  d/,  there 
is  no  differentiation  in  any  structure,  unless  it  be  a  layer  of 
very  irregular  epidermal  cells.  The  next  stage  observed  in 
the  formation  of  the  embryo  is  represented  by  figure  62 ^  which 
shows  the  cotyledons  partly  developed  and  the  root-cap  differ- 
entiated. In  an  embryo  of  this  age  there  is  no  tissue  differ- 
entiation beyond  that  of  root-cap  and  epidermis.  In  the 
radicle,  however,  the  cells  have  become  arranged  in  regular 
series  converging  in  the  apical  meristem. 

The  development  of  the  parts  of  the  ovule  presents  no 
features  of  importance  differing  from  those  already  described 
for  some  of  the  foregoing  forms.  As  in  other  cases,  also, 
the  nucellus  expands  rapidly  after  fertilization  and  gives  way 
before  the  growing  epidermis.  The  seed  attains  the  propor- 
tions of  maturity  before  the  embryo  has  proceeded  beyond 
the  condition  represented  by  figure  62. 

Momordica 
As  in  the  case  of  Bryonofsis  and  Trichosanthesj  the  ovules 
of  Momordica  arise  as  small  elevations  on  the  right  and  left 
flanks  of  the  placental  ridges.  The  origin  of  the  arche- 
sporium  was  not  observed,  but  the  spore-mother-cell  was 
found  in  an  advanced  condition  {Jig*  6j).  In  this  case  it 
occupies  a  central  position  in  the  rapidly  growing  nucellus 
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and  is  separated  from  the  epidermis  by  three  tabular  tapetal 
cells.  The  nucellus  at  this  time  grows  rapidly  and  the  in- 
teguments cover  only  the  lower  half  of  it.  These  arise  in 
the  usual  manner  and  by  the  time  the  embryo-sac  is  ready 
for  fertilization  they  have  closed  over  the  top  of  the  nucellus. 
Until  some  time  after  fertilization  the  outer  integuments  are 
relatively  thinner  than  those  of  the  other  cases  described, 
except  Fevillea.     The  inner  integument  is  always  thin. 

The  division  of  the  spore-mother-cell  to  form  the  usual 
potential  megaspores  was  not  observed,  though  there  is  evi- 
dence that  it  occurs.  In  stages  somewhat  later,  certain  dis- 
integrating masses  were  observed  above  the  young  embryo- 
sac,  which  were  taken  to  be  non-functional  spores  {fig.  6f). 
An  embryo-sac  of  two  cells  was  observed,  but  none  between 
this  condition  and  fertilization.  When  the  odsphere  is  mature 
the  embryo-sac  differs  in  some  respects  from  the  preceding 
forms.  Figures  66  and  66a  represent  parts  of  the  same 
embryo-sacs.  The  synergids  are  much  less  vacuolated  and 
are  decidedly  hyaline  and  striated  in  their  upper  portions. 
The  odsphere  is  likewise  more  compact  and  the  whole  egg- 
apparatus  is  larger  than  in  most  other  cases  examined.  No 
antipodals  could  with  certainty  be  determined.  If  formed  at 
all  they  must  disappear  quickly. 

The  endosperm  nucleus  is  formed  by  the  fusion  of  two 
polar  nuclei.  The  nucleus  thus  formed  is  conspicuous  for 
its  size  and  chromatic  content.  Each  polar  nucleus  has  a 
very  large  nucleolus  and  these  evidently  become  merged,  as 
only  one  could  be  found  in  the  endosperm  nucleus.  After 
fertilization  the  endosperm  rapidly  increases  and  the  cells  of 
the  nucellus  are  gradually  displaced.  No  starch  was  observed 
in  the  endosperm  of  Momordica  at  any  time.  As  the  endo- 
sperm grows,  most  of  its  substances  become  peripherally  dis- 
tributed with  numerous  small  nuclei  scattered  through  it» 
This  condition  is  maintained  for  some  time,  while  the  expand- 
ing surface  of  the  endosperm  is  gradually  replacing  the  sur- 
rounding tissue.  Sometimes  a  thin  line  of  C)rtoplasm  may  be 
seen  penetrating  the  tissue  toward  the  chalaza  {fig*   68)* 
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About  this  time  the  ovule  enters  upon  a  very  rapid  period  of 
growth,  and  the  nucellus,  no  longer  compact,  is  cleft  by  the 
endosperm,  which  extends  toward  the  chalaza.  The  endo- 
sperm gradually  assumes  a  cellular  character,  beginning  in 
the  region  of  the  embryo.  Only  in  the  micropylar  region  is 
there  any  approach  to  compactness,  most  of  the  mass  consist- 
ing of  large  thin-walled  cells  with  small  protoplasmic  content. 
The  first  cleavages  of  the  embryo  are  transverse  and  a  row 
of  cells  is  thus  formed  {^fig.  6f).  The  subsequent  divisions, 
however  are  for  some  time  irregular  and  result  in  the  forma- 
tion of  a  globular  mass  of  cells  {Jigs.  68''7o\  in  which  no  dif- 
ferentiation beyond  that  of  the  epidermis  is  visible.  A  later 
stage  was  observed  in  figure  7/  in  which  the  cotyledons  were 
being  formed.  In  this  case  the  differentiation  into  root-cap, 
periblem  and  plerome  was  well  under  way.  At  this  stage 
the  dimensions  of  the  mature  seed  are  approximately  reached. 

Lufa 

When  the  undulations,  which  mark  the  origin  of  the  ovules, 
become  evident  upon  the  surface  of  the  placenta  (see  text- 
figure  5,  H)  the  groups  of  cells  lying  beneath  the  apex  of  each 
incipient  ovule  present  a  highly  meristematic  character. 
One  of  these  cells  soon  appears  larger  than  its  neighbors  and 
possessed  of  a  very  conspicuous  nucleus.  Sometimes  there 
may  be  two  such  in  an  axial  row,  the  outer  one  adjacent  to 
the  epidermis.  The  first  indication  of  an  archesporium  is 
not  always  clear.  Sometimes  the  spore-mother-cell  itself 
appears  in  the  hypodermal  mass  {^g*  72).  In  such  a  case  it 
is  quite  conspicuous  but  no  very  definite  tapetum  is  apparent. 
Subsequent  divisions  of  the  overlying  cells,  however,  are 
mostly  in  periclinal  planes  {Jig*  73)*  Thus  a  tier  of  several 
cells  is  formed  above  the  sporogenous  cell.  The  latter 
increases  in  size  {fig.  74)  until  it  becomes  about  two-fifths 
the  length  of  the  nucellus. 

The  development  of  the  ovule  is  rapid  from  the  time  when 
the  first  indication  of  the  archesporium  is  apparent.  When 
the  spore-mother-cell  is  well  differentiated  {fig*  72)  the  ovule 
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has  developed  a  long  funicle  and  the  formation  of  integu- 
ments and  nucellus  is  well  under  way  (see  text-figure  j,  /). 
The  growth  of  the  integuments  now  exceeds  that  of  the  nu- 
cellus and  they  soon  enclose  it.  During  this  process  the 
divisions  of  the  spore-mother-cell  take  place. 

The  manner  of  division  of  the  spore-mother-cell  recalls  that 
of  Trichosanthes.  Of  the  cells  resulting  from  the  first  divi- 
sion the  outer  one  degenerates,  while  the  inner  one  proceeds 
to  divide  again  (Jig.  7j).  The  figure  just  cited  shows  the 
conclusion  of  the  second  division  and  the  deterioration  of  the 
upper  of  the  two  cells  thus  formed.  The  functional  mega- 
spore  immediately  begins  to  enlarge  preparatory  to  its  first 
division,  which  is  represented  completed  in  figure  76^  The 
succeeding  divisions  are  quite  regular  and  the  embryo-sac  is 
formed  in  the  usual  manner  by  three  successive  divisions  of 
the  megaspore  (Jigs.  76-78).  In  this  form  the  migration  of  the 
polar  nuclei  begins  before  any  differentiation  of  other  struc- 
tures is  evident  within  the  embryo-sac  (Jig*  78).  At  this  time 
the  embryo-sac  is  centrally  situated  in  the  nucellus,  over  which 
the  integuments  are  slightly  elevated.  Conditions  of  the 
embryo-sac  like  those  shown  in  figures  76^  77^  and  7g  may 
be  found  almost  in  the  same  section.  In  such  cases,  which 
are  usual,  the  degree  of  the  differentiation  of  the  parts  of  the 
ovule  is  about  the  same  in  each,  though  they  vary  in  size, 
the  more  advanced  embryo-sac  occupying  the  larger  ovule. 
The  difference  in  the  degree  of  development  of  the  em- 
bryo-sac and  in  the  size  of  the  ovule  is  probably  associ- 
ated with  some  condition  of  nutrition,  inasmuch  as  such 
differences  are  directly  correlated  with  the  position  on  the  pla- 
centa. When  the  egg  apparatus  has  become  fully  differenti- 
ated the  embryo-sac  occupies  the  center  of  the  upper  half  of 
the  nucellus,  surrounded  on  all  sides  by  several  layers  of 
sterile  cells.  The  pyriform  nucellus  is  surmounted  by  a 
slender  beak  which  passes  up  through  the  micropyle.  At 
this  time  the  inner  integument  consists  of  two  layers  of  cells, 
the  outer  one  almost  as  thick  as  the  nucellus. 
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In  the  embryo-sac  at  the  time  of  fertilization  we  find  a  very 
conspicuous  egg-apparatus,  which  extends  over  nearly  two- 
thirds  the  length  of  the  embryo-sac.  The  odsphere  is  similar  to 
other  cases  described,  inasmuch  as  the  nucleus  occupies  its 
lower  portion  and  a  large  vacuole  fully  three-fourths  of  its 
volume.  The  synergids  are  peculiar  in  the  extent  of  their 
vacuolization  {fig.  7p),  the  nucleus  and  cytoplasm  in  each  oc- 
cupying but  a  small  space  in  the  upper  end.  Here  we  may  note 
also  an  absence  of  the  hyaline  and  striated  condition  in  that 
degree  which  characterizes  some  of  the  forms  already  cited. 

The  antipodals  are  of  <iuite  ephemeral  character.  They 
were  not  observed  to  persist  after  fertilization,  and  usually 
begin  to  disorganize  prior  to  that  event  (Jig*  79). 

The  formation  of  the  endosperm  apparently  has  its  origin 
in  the  usual  process,  by  the  fusion  of  two  polar  nuclei.  While 
the  completed  fusion  of  the  polar  nuclei  was  not  observed  in 
any  case,  they  were  observed  in  contact.  In  this  condition 
they  were  surrounded  by  a  mass  of  C3rtoplasm  filled  with 
starch-grains.  After  fertilization  the  endosperm  expands 
rapidly  and  displaces  the  adjoining  tissue  of  the  nucellus. 
Before  the  first  cleavage  of  the  embryo  has  taken  place  the 
endosperm  has  assumed  the  usual  sac-like  form,  the  nuclei 
scattered  through  a  densely  granular  cytoplasm.  Starch- 
grains  are  still  abundant  {^fig.  80)  and  are  more  frequently  of 
a  compound  character.  The  cell-walls  of  the  nucellus  in 
contact  with  the  lower  end  of  the  endosperm  show  evidences 
of  disintegration.  The  endosperm  soon  loses  its  starch  and 
becomes  finely  vacuolated  {J^g^  Si). 

But  two  stages  of  embryonic  development  were  observed. 
The  oSspore  {Jig*  So)  presents  a  rather  unusual  appearance, 
being  large  with  conspicuous  vacuoles.  The  first  cleavage 
18  transverse  (Jig.  81).  Of  these  two  the  basal  retains  the 
characteristics  of  the  oospore,  the  other  is  more  densely 
granular. 

Cucumis 

The  earliest  stage  observed  in  the  formation  of  the  embryo- 
sac  of  Cucumis  vf as  that  represented  by  figure  <?-?.     Numer- 
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0U8  preparations  of  ovules  at  about  this  stage  of  development 
were  obtained  and  it  seems  evident  that  the  spore-mother-cell 
arises  in  the  usual  manner.  The  tapetum  which  is  formed 
consists  in  the  earlier  condition  of  a  few  tabular  cells  which 
suffer  division  by  periclinal  walls,  thus  forming  an  axial  row 
of  cells.  By  the  time  that  the  divisions  of  the  mother-cell 
occur  the  nucellus  has  assumed  an  oval  form  and  the  sporo- 
genous  cell  is  covered  by  the  several  parietal  layers  of  the 
nucellus.  The  ovule  at  this  time  is  borne  at  the  end  of  a 
long  funicle  and  has  almost  completed  its  turning  to  the  ana- 
tropous  position.  The  integuments  have  exceeded  the  nucel- 
lus in  height.  The  parts  of  the  ovule  are  of  relative  propor- 
tions similar  to  those  of  Luff  a  and  some  others. 

The  divisions  of  the  spore-mother-cell  now  ensue.  The 
first  division  results  in  the  formation  of  two  equivalent  cells 
which  proceed  to  the  second  division  simultaneously  {Jig*  Sj). 
From  this  point  the  development  of  the  embryo-sac  proceeds 
by  the  usual  course.  The  usual  structures  are  apparent  as 
the  time  of  fertilization  approaches  (Jig.  84).  The  synergids 
are  long  and  narrow,  their  tips  hyaline  and  striated  and  their 
vacuoles  small.  As  in  former  cases  the  nuclei  lie  immedi- 
ately above  the  vacuoles  and  the  structure  above  the  nuclei 
to  the  hyaline  portion  is  apparently  reticulate.  The  oosphere 
resembles  a  synergid  in  size  and  form  but  differs  in  the  char- 
acter and  position  of  its  vacuole  and  nucleus  {Jig.  84).  The 
antipodals  are  three  in  number  and  distinctly  visible  at  this 
stage,  and  show  less  evidence  of  disintegration  than  in  some 
of  the  forms  previoudy  cited.  Here  they  appear  perfectly 
normal  though  not  large.  No  evidence  could  be  found, 
however,  of  their  existence  beyond  the  time  of  fertilization. 

At  this  time  the  nucellus  is  flask-shaped,  the  bulb-like  por- 
tion surmounted  by  a  long  slender  beak.  The  embryo-sac 
and  its  associated  structures  are  quite  small  in  this  species  of 
Cucumis;  the  embryo-sac  in  particular  requiring  large  mag- 
nification to  bring  out  the  details  of  its  structure. 

The  polar  nuclei  migrate  to  a  position  just  below  the  egg- 
apparatus,  where  they  come  into  contact  and  probably  unite. 
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The  mass  of  cytoplasm  which  surrounds  them  is  densely 
granular  and  no  evidence  of  starch  was  observed  in  the  em- 
bryo-sac at  any  time.  Oil  is  abundant  in  the  surrounding 
cells  of  the  nucellus  and  to  some  extent  also  in  the  embryo- 
sac.  The  endosperm  elongates  in  the  direction  of  the 
chalaza  as  soon  as  fertilization  has  taken  place,  and  for  a 
time  remains  quite  compact  in  the  region  of  the  embryo. 
The  lower  part,  however,  is  a  very  delicate  film  which  ter- 
minates in  a  sort  of  cup-like  collection  of  cells  like  that 
shown  in  the  case  of  Apodanthera  ijig.  jg).  There  is  a 
rapid  breaking  down  of  all  tissue  in  immediate  contact  with 
the  embryo-sac  even  before  there  is  any  considerable  enlarge- 
ment of  the  nucellus.  The  sac-like  character  of  the  endo- 
sperm is  soon  assumed  {fig*  88)  and  its  cytoplasm  becomes 
more  and  more  vacuolated.  The  formation  of  cell-walls  be- 
gins quite  early  and  is  complete  before  the  embryo  has  at- 
tained any  considerable  degree  of  differentiation  {Jig*  pi). 
In  this  condition  it  is  compact  upon  the  surface  but  composed 
of  large  cells  within.  The  details  of  its  structure  are  shown 
in  figure  pj.  Here  it  will  be  seen  that  the  cells  of  the  outer 
layer  consist  of  a  dense  compact  cytoplasm,  while  in  the 
larger  inner  cells  the  protoplasmic  content  is  distributed  in  a 
thin  layer  over  the  inner  surface  of  the  cell- wall.  The  sig- 
nificance of  these  facts  will  be  discussed  later.  It  will  also 
be  observed  (Jig.  pi)  that  the  end  of  the  mass  of  endosperm 
in  contact  with  the  embryo  is  not  of  the  same  character  as 
the  rest  of  the  superficial  layer,  but  is  composed  of  the  large 
cells  just  described. 

The  first  cleavages  of  the  oospore  are  ti'ansverse.  Several 
of  these  divisions  in  succession  result  in  the  formation  of  a 
rudimentary  suspensor  {Jigs.  8j,  86).  After  the  first  two  or 
three  cleavages  the  subsequent  divisions  are  anticlinal  {Jig. 
8f)  and  in  somewhat  irregular  planes.  The  result  is  the 
formation  of  a  pyriform  mass  {Jig.  po)^  which  increases  in 
size  until  it  is  composed  of  several  hundred  cells,  when  the 
initial  differentiation  of  root-cap  and  apical  meristem  is  ap- 
parent.    The  formation  of  the  root-cap  is  begun  by  a  series 
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of  periclinal  divisions  at  the  micropylar  end  of  the  pyriform 

mass  {fig^  92). 

Lagenaria 

Text-figure  /,  K  represents  the  form  of  the  placenta  at  the 
time  when  the  first  indication  of  an  archesporium  is  apparent. 
Periclinal  divisions  beneath  the  epidermis  at  the  apex  of  each 
lobe  {^g.  g4)  result  in  the  separation  of  the  primary  tapetal 
and  sporogenous  cells.  These  periclinal  divisions  occur  in 
several  hypodermal  cells  and  thus  several  series  are  found 
radiating  from  the  spore-mother-cell  i^fig*  P5).  The  division 
of  the  tapetal  cells  and  those  in  the  parietal  series  follows  until 
columns  of  ten  to  twelve  cells  are  formed  and  the  sporogenous 
cell  becomes  deeply  situated  in  the  tissue  of  the  nucellus. 
In  the  meantime  the  integuments  have  about  reached  the  top 
of  the  nucellus.  Before  the  germination  of  the  megaspore 
takes  place  they  converge  above  the  nucellus  and  the  ovule 
assumes  the  form  which  it  maintains  until  after  fertilization. 

Division  of  the  spore-mother-cell  occurs  in  the  usual  man- 
ner. The  first  division  results  in  the  formation  of  two  equiv- 
alent cells,  and  each  of  these  again  divides  (Jigs.  p(5,  97).  In 
this  case,  as  in  some  of  the  foregoing,  it  is  the  lowermost  of 
the  four  cells  thus  formed  which  becomes  functional.  It  en- 
larges rapidly  after  these  divisions  and  soon  enters  upon  the 
series  of  divisions  which  provide  the  eight  nuclei  of  the 
embryo-sac.  The  division  of  the  four  nuclei  to  form  eight 
occurs  simultaneously,  as  shown  by  figure  p<?.  Here  the 
cytoplasm  forms  a  peripheral  layer  and  leaves  the  center  open. 

Differentiation  of  the  eight  nuclei  is  soon  apparent  {^fig.  pp), 
and  the  synergids  begin  to  appear  with  their  usual  structure. 
The  antipodals  are  quite  distinct  and  remain  so  up  to  the  time 
of  fertilization  {fig*  100).  In  the  latter  stage,  however,  they 
are  visibly  shrunken  and  soon  afterwards  disappear.  The 
egg-apparatus  differs  in  no  essential  from  those  already 
described. 

An  abundance  of  starch  is  now  found  in  the  neighborhood 
of  the  polar  nuclei,  which  by  this  time  have  come  into  con- 
tact.   In  the  preceding  stage  {fig*  pp)  no  starch  was  apparent. 
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hence  it  is  evident  that  its  formation  must  take  place  quickly 
as  the  time  of  fertilization  approaches.  The  process  of  fer- 
tilization brings  about  the  usual  changes  in  the  appearance 
of  the  endosperm  {fig*  loi)  which  loses  its  starch  and  forms 
a  hollow  sac.  In  this  case  as  in  others  the  nucellus  breaks 
down  rapidly  in  the  vicinity  of  the  embryo-sac  and  especially 
in  the  direction  of  the  chalaza.  The  coenocytic  character  of 
the  endosperm  is  not  maintained  in  Lagenaria  so  late  as  in 
the  other  forms.  The  nuclei  soon  become  separated  by  cell- 
iwalls  {figs.  lo^y  io4)j  and  the  endosperm  becomes  a  solid 
mass.  Where  the  surrounding  cells  of  the  nucellus  are  in 
immediate  contact  with  the  endosperm  they  break  down,  and 
even  in  the  direction  of  the  chalaza  where  they  are  not  in 
contact  with  it.  But  a  certain  zone  of  tissue  for  some  dis- 
tance from  the  endosperm  takes  a  darker  stain  and  shows  a 
denser  cytoplasmic  substance.  The  growth  of  the  mass  of 
endosperm  is  principally  in  length  from  this  time  on.  The 
relation  which  it  bears  to  the  nucellus  can  be  seen  in  figure  /05, 
-which  represents  the  upper  one-fourth  of  that  organ.  The 
cleft  extends  to  the  base  of  the  nucellus.  The  condition  of 
the  endosperm  at  this  time  is  represented  by  figure  106.  The 
cellular  structure  on  the  outside  is  more  compact  and  increases 
in  thickness  as  growth  advances,  though  the  central  portion 
of  the  mass  remains  more  open  in  structure.  The  hardening 
of  the  endosperm  begins  in  the  upper  portion  and  extends 
over  the  upper  half  of  its  surface  at  the  stage  indicated  by 
figure  /oj.  The  first  divisions  in  the  embryo  are  transverse 
i^gs.  loi^  102).  In  some  cases  the  early  cleavages  are  some- 
what irregular  {fig.  102)  and  the  tendency  is  early  towards 
an  oval  or  pear-shape  {fig.  103)9  with  no  regularity  of  cleav- 
age-planes. As  growth  proceeds  the  embryo  assumes  a  more 
oblong  shape  {fig.  io6)j  and  it  is  only  at  a  much  later  stage 
that  the  beginnings  of  internal  differentiation  can  be  seen 
(Jig*  loj).  Then  the  periclinal  divisions  in  the  proximal  end 
indicate  the  initial  stages  in  the  formation  of  the  root-cap. 
At  this  stage  {fig.  107)  the  endosperm  reaches  about  one-third 
the  distance  to  the  chalaza  and  the  upper  part  of  the  nucellus 
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is  entirely  disorganized.  Ttie  lower  part  appears  quite  nor- 
mal except  for  the  breaking  down  of  its  cells  along  the 
median  line.  The  ovule  has  now  reached  the  dimensions  of 
the  ripe  seed  and  the  differentiation  of  its  outer  integument 
is  well  under  way. 

Benincasa 

The  formation  of  the  archesporium  proceeds  in  the  usual 
way  in  Benincasa.  The  ovules  appear  to  be  rounded  eleva- 
tions upon  the  placental  folds  and  when  these  lobes  have  be- 
come quite  prominent  the  archesporium  appears  among  the 
hypodermal  cells  at  the  apex  of  each  lobe  (Jig.  io8).  The 
tapetal  cells  undergo  few  divisions  before  the  sporogenous 
cell  has  become  quite  conspicuous  {^g.  log).  Divisions  of 
the  tapetal  cells  now  follow  until  the  spore-mother-cell  be- 
comes deeply  seated  in  the  nucellus.  The  integuments  make 
their  first  appearance  about  the  time  the  sporogenous  cell  is 
formed  and  bear  about  the  same  relation  to  the  other  structures 
as  in  the  previous  cases.  By  the  time  the  first  division  of  the 
megaspore  nucleus  has  been  completed  the  conical  nucellus 
is  covered  by  the  integuments.  At  this  time  the  incipient 
embryo-sac  may  be  found  at  the  base  of  an  axial  row  of  from 
fifteen  to  twenty  cells. 

The  division  of  the  spore-mother-cell  was  not  observed. 
There  is  some  evidence  that  such  a  division  occurs  in  the 
appearance  of  what  may  be  taken  for  the  remains  of  non- 
functional spores.  A  black  mass  of  what  appears  to  be 
disorganized  cells  i^  plainly  seen  at  the  outer  end  of  the 
young  embryo-sac,  but  it  soon  disappears.  It  would  seem 
also  that  it  is  again  the  lowermost  of  the  series  which  becomes 
functional. 

In  the  same  section  of  an  ovary,  if  not  upon  the  same 
placenta,  there  may  be  found  embryo-sacs  in  various  stages 
of  development.  Embryo-sacs  of  two,  four  and  eight  cells 
may  be  found.  The  appearance  of  some  of  these  may  be 
seen  in  figures  no  and  ///.  In  many  cases  the  most  con- 
spicuous element  of  the  nucleus  is  its  nucleolus  which  seems 
to  embody  all  the  chromatic  substance  present.     Only  in  the 
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case  of  the  mother-cell  are  nuclear  structures  at  all  distinct 
(j^.  /op).  Figures  /op,  no  and  ///  are  all  drawn  to  the 
same  scale. 

The  embryo-sac  as  the  time  of  fertilization  approaches 
assumes  a  familiar  aspect  {fig-  112).  Some  of  the  more  im- 
portant features  of  the  embryo-sac  of  Benincasa  are  the 
prominence  of  the  egg-apparatus  and  the  antipodals  and  the 
absence  of  starch,  at  least  up  to  the  stage  of  development  in- 
dicated by  figure  112.  The  cytoplasm  surrounding  the  polar 
nuclei  appears  to  be  rather  scant  and  filled  with  numerous 
vacuoles.  The  complete  fusion  of  the  polar  nuclei  was  not 
observed. 

The  antipodals,  though  quite  prominent,  are  here  also  of 
only  transient  duration.  They  were  not  found  in  any  prepara- 
tions of  material  beyond  the  fertilization  stage,  and  seem  in 
this  case  to  have  no  special  function.  As  indicated  in  figure 
112  they  seem  to  be  on  the  eve  of  disintegration. 

The  endosperm  is  quite  similar  to  some  that  we  have 
already  found  in  previous  cases  {^g.  ^^4)-  In  this  case  also 
it  is  distributed  in  a  sac-like  form,  which  in  the  upper  portions 
is  of  the  usual  thickness  {fig*  114)  but  in  the  lower  part  is  a 
very  thin  film.  In  this  condition,  before  the  first  division  of 
the  fertilized  egg,  it  has  made  considerable  inroads  upon  the 
tissue  of  the  nucellus.  About  ten  nuclei  have  been  formed 
and  these  are  scattered  about  irregularly.  The  division  of 
these  nuclei,  as  usual,  takes  place  simultaneously  {fig-  //j)- 
The  endosperm  of  Benincasa^  like  that  of  Lagenaria^  soon 
forms  a  solid  mass  of  cellular  tissue  {fig.  116).  In  this  case 
also  the  peripheral  portion  becomes  denser,  and  in  the  upper 
portion  this  takes  place  earlier  than  in  the  lower.  The  same 
figure  shows  the  appearance  of  the  cells  of  the  nucellus  when 
in  contact  with  the  endosperm.  The  first  extension  of  the 
endosperm  is  toward  the  chalaza  and  while  the  growth  is 
rapid  in  this  manner  it  remains  non-cellular.  Upon  forma- 
tion of  cell-walls,  growth  is  retarded. 

The  odspore  remains  for  a  short  time  undivided  {figs.  113^ 
114).     A  globular  or  pyriform  mass  of  cells  is  soon  formed 
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{Jig.  115)*  Preparations  showing  early  cleavages  were  not 
obtained,  but  figure  115  appears  to  indicate  that  they  may 
have  been  transverse.  In  this  case  at  least  the  subsequent 
divisions  are  in  various  directions.  The  same  embryo  in  its 
relation  to  the  endosperm  may  be  seen  in  figure  116. 

Citrullus 

Several  longitudinal  series  of  elevations  occur  on  the  pla- 
centae and  these  at  an  early  stage  appear  merely  as  undula- 
tions on  the  folds  as  seen  in  transverse  section.  When  these 
elevations  have  reached  a  height  equal  to  their  diameter  at 
the  base  or  slightly  more,  the  first  suggestion  of  an  arche- 
sporium  is  apparent.  Up  to  this  time  all  the  cells  of  the  pro- 
tuberance are  of  about  the  same  character,  staining  deeply. 
The  archesporium  is  of  very  indefinite  character.  No  en- 
larged cell  adjacent  to  the  epidermis  (such  as  occurred  in 
Fevillea)  was  observed.  The  sporogenous  cell  {fig.  iiy)  ap- 
pears in  an  axial  row  and  is  recognizable  at  first  only  by  its 
size  and  the  open  character  of  its  nucleus.  When  first  dis- 
tinguishable it  is  covered  by  two  tabular  tapetal  cells,  some- 
times very  thin  and  again  of  an  appearance  quite  similar  to 
the  sporogenous  cell  itself.  There  is  always  one  axial  row  ap- 
parent, sometimes  one  or  more  parietal  rows  identical  in  ap- 
pearance with  the  axial  one.  While  in  its  earliest  stages  the 
sporogenous  cell  may  not  be  easily  distinguished  from  its 
neighbors,  the  same  does  not  hold  true  in  its  later  stages. 
After  a  short  period  has  elapsed  the  spore-mother-cell  becomes 
quite  distinct  both  in  size  and  structural  features  and  there  is 
never  more  than  one  cell  apparent  in  that  condition  in  the 
same  ovule. 

In  the  same  ovary  the  early  phases  of  the  archesporium  may 
be  found  about  alike  in  all  the  ovules,  but  the  rate  of  subse- 
quent development  is  dependent  to  some  extent  upon  the  posi- 
tion upon  the  placenta  (see  text-figure  5,  M\  those  arising  on 
each  placenta  nearest  its  median  line  having  the  advantage. 

The  differentiation  of  the  parts  of  the  ovule  does  not  begin 
until  after  the  sporogenous  cell  appears.     By  the  time  that 
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the  divisions  of  the  spore-mother-cell  have  been  completed  the 
integuments  have  almost  enveloped  the  nucellus.  The  pro- 
portions of  the  parts  of  the  ovule  are  indicated  by  text-figure 

After  having  undergone  a  period  of  rest  the  mother-cell 
divides  to  form  four  potential  megaspores.  During  this 
period  of  growth  the  development  of  sterile  tissue  has  left 
the  sporogenous  cell  deep  in  the  nucellus.  After  the  first 
division  of  the  spore-mother-cell  the  two  daughter-cells  again 
divide,  but  not  simultaneously.  The  lower  one  divides  first 
and  the  division  is  completed  before  the  division  of  the 
upper  one  {^g»  iiS).  The  lowermost  spore  of  the  four  thus 
formed  gives  rise  to  the  embryo-sac ;  the  rest  disappear. 

The  development  of  the  embryo-sac  takes  place  by  the 
usual  process  {figs,  iig-121).  The  embryo-sac  of  eight 
cells  expands  in  its  upper  part  and  the  differentiation  of  the 
egg-apparatus  is  begun  by  the  formation  of  walls  about  the 
nuclei  and  the  increase  of  cytoplasmic  substance.  This  pro- 
cess goes  on  more  slowly  at  the  antipodal  end  of  the  sac. 
The  polar  nuclei  soon  come  into  contact  about  midway  and 
remain  thus  for  some  time  {figs.  1 21-122  a).  In  this  case  the 
embryo-sac  at  the  time  of  fertilization  presents  about  the 
same  appearance  as  other  forms  which  we  have  noticed. 
The  egg-apparatus  and  the  antipodals  are  essentially  similar 
to  some  of  those  already  studied,  though  the  cytoplasm  sur- 
rounding the  polar  nuclei  is  thin  and  devoid  of  starch.  The 
polar  nuclei  increase  in  size  gradually  and  probably  fuse, 
though  a  single  endosperm  nucleus  was  not  observed  at  any 
time. 

After  fertilization  the  endosperm  nuclei  multiply  to  the 
number  of  ten  or  twelve  before  the  oospore  divides.  The 
C}rtoplasm  becomes  distributed  in  the  form  of  a  hollow  sac 
{fig.  i2j)  at  first,  but  later  assumes  a  cellular  character  and 
becomes  solid.  As  the  endosperm  begins  to  expand,  the 
nucellus  where  in  contact  with  it  disintegrates,  and  the  effect 
of  the  decomposing  influence  is  apparent  for  some  distance 
around  the  embryo-sac,  by  the  modified  character  of  the  cell- 
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walls.  These  stain  more  readily  by  haematoxylon  and  other 
reagents  to  which  ordinarily  they  do  not  respond. 

The  endosperm  becomes  cellular  at  a  very  early  stage,  the 
formation  of  walls  taking  place  first  in  its  upper  portion. 
Until  an  advanced  stage  is  reached  in  the  development  of 
the  embryo  the  lower  end  of  the  endosperm  remains  coeno- 
cytic,  and  is  terminated  by  a  long  coecum  which  fits  into  a 
pocket  of  cells  in  the  middle  of  the  nucellus  {Jig.  126).  The 
proportion  of  parts  is  shown  better  in  an  outline  figure  {124). 
The  cells  which  constitute  this  "pocket"  are  much  smaller 
than  the  others  of  the  nucellus  at  this  stage  and  by  their 
protoplasmic  contents  (nucleus,  C}rtoplasm,  etc.)  seems  to  be 
in  about  the  same  metabolic  condition  as  those  in  other  parts 
of  the  nucellus.  These  cells  appear  identical  with  those 
which  surround  the  antipodal  end  of  the  embryo-sac  at  the 
time  of  fertilization.  All  the  cells  of  the  nucellus  are  then 
small  and  the  subsequent  enlargement  of  the  others  makes 
these  appear  smaller  by  contrast.  Why  these  cells  which 
surround  the  antipodals  should  not  keep  pace  in  growth  with 
others  is  not  quite  clear,  nor  is  it  plain  why  they  should  not 
share  the  fate  of  others  that  are  broken  down  by  contact  with 
the  endosperm.  They  remain  surrounding  the  extremity  of 
the  endosperm  until  long  after  the  tissue  of  the  nucellus  has 
separated  along  the  median  line  to  the  chalaza.  The  upper 
and  the  lower  ends  of  the  same  mass  of  endosperm  are  shown 
in  figures  125  and  126  respectively.  The  character  of  the 
cellular  endosperm  is  entirely  similar  to  that  with  which  we 
have  already  become  familiar  in  the  preceding  forms.  The 
endosperm  finally  becomes  entirely  cellular,  but  while  the 
outer  layer  consists  always  of  a  layer  of  small  cells  with 
dense  cytoplasm,  the  cells  of  the  central  part  expand  to  a 
size  many  times  that  indicated  in  figure  125^  and  show  the 
merest  trace  of  cytoplasmic  contents.  In  this  condition  there 
is  little  evidence  of  its  being  at  all  active  in  the  nutrition  of 
the  embryo. 

The  development  of  the  embryo  proceeds  apparently  in 
about  the  same  way  which  we  have  seen  in  the  other  forms. 
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Starting  with  a  single  cell  which  elongates  {^fig^  ^^j)^  a 
spherical  mass  is  soon  formed  which  later  becomes  broadly 
pyriform  (jSg*.  I2j)  with  no  internal  differentiation  apparent. 
If  a  suspensor  is  formed  at  all  it  is  of  only  transient  character. 
In  none  of  those  embryos  which  had  reached  a  multicellular 
state  was  there  any  evidence  of  a  suspensor. 

Cucurbita 

The  development  of  the  ovules  upon  the  placenta  has 
already  been  referred  to  and  the  different  phases  of  the  pro- 
cess are  indicated  by  text-figures  (5,  A  to  6fD  inclusive.  As 
in  the  case  of  CitrulluSj  the  origin  of  the  archesporium  is 
obscure.  The  cells  at  the  apex  of  the  incipient  nucellus  are 
all  of  similar  appearance,  being  of  a  highly  meristematic 
character,  until  one  larger  than  the  others  appears  in  an 
axial  row  separated  from  the  epidermis  by  two  or  more  cells, 
presumably  the  tapetum  (^g-  ^^7)'  This  cell  increases  in 
size  while  the  cells  surrounding  it  segment  irregularly.  The 
sporogenous  cell  assumes  a  large  size  in  this  form  and  like 
the  others  becomes  centrally  situated  in  the  nucellus  {fig*  128). 

The  divisions  of  the  spore-mother-cell  appear  to  be  regu- 
lar. The  first  division  results  in  the  formation  of  two  equiva- 
lent cells  {fig*  /^p)j  which  again  divide  to  form  four  potential 
megaspores.  Of  these  the  lowermost  produces  the  embryo- 
sac  {fig*  129  a),  the  others  soon  showing  signs  of  disorganiza- 
tion. At  this  stage  of  development  the  nucellus  consists  of  a 
bulbous  lower  portion  surmounted  by  a  narrow  prolongation 
of  its  tissue  which  extends  upward  through  the  micropyle. 
By  this  time  the  differentiation  of  the  outer  portion  has 
reached  that  stage  in  which  the  integuments  have  enveloped 
the  nucellus  and  contracted  above  to  form  the  micropyle. 

The  divisions  of  the  spore  nucleus  which  now  follow  pro- 
duce the  embryo-sac  in  the  usual  manner.  The  course  of 
development  presents  no  features  worthy  of  particular  men- 
tion. After  the  eight-cell  stage  is  reached  the  process  of 
differentiation  goes  on  as  indicated  in  Citrullus.  Figure  131 
represents  a  partially  formed  embryo-sac  in  which  the  syner- 
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gids  and  oosphere  can  be  clearly  distinguished.  Here  the 
polar  nuclei  are  smaller  than  they  appear  later  and  the  anti- 
podals  are  in  their  prime.  The  antipodals  will  be  seen  to 
mature  much  earlier  than  the  other  cells  of  the  embryo-sac  and 
have  practically  disappeared  before  the  others  have  come  to 
maturity  {Jig.  132). 

The  embryo-sac  of  Cucurbita  Pepo  presents  a  very  striking 
appearance.  The  endosperm  nucleus  is  possessed  of  an  es- 
pecially prominent  nucleolus  and  is  surrounded  by  a  cyto- 
plasm gorged  with  starch.  The  synergids  being  about  two- 
thirds  the  length  of  the  embryo-sac  are  somewhat  compressed 
by  the  cytoplasm  which  surrounds  their  lower  portion,  which 
in  each  case  consists  of  a  very  thin  film  enclosing  a  large 
vacuole.  The  nucleus  in  each  case  lies  just  above  the  vacuole 
and  the  upper  two-fifths  of  the  cell  is  hyaline  and  marked  by 
exceedingly  fine  striations.  In  the  embryo-sac  of  another 
garden  variety  of  Cucurbita^  the  common  crook-neck  squash 
{jig*  ^37)9  the  conditions  are  not  the  same,  though  in  some 
points  the  comparison  is  hardly  fair  inasmuch  as  they  are  not 
quite  in  the  same  stage  of  development.  The  egg-apparatus 
presents  much  the  same  appearance  as  in  the  other  form  of 
Cucurbita^  but  antipodals  are  entirely  absent.  One  feature 
is  the  entire  absence  of  endosperm,  though  this  may  be  due 
to  the  earlier  state  of  development.  The  enormous  size  of 
the  nucleoli  in  the  polar  nuclei  is  here  one  of  the  most  salient 
features. 

Endosperm  develops  in  Cucurbita  Pepo  much  as  in  other 
forms,  in  this  family.  Figures  134^  135  and  136  represent 
its  appearance  in  various  stages.  The  starch  disappears 
early  and  the  mass  of  C}rtoplasm  becomes  distributed  periph- 
erally, and  twenty-five  or  thirty  nuclei  may  be  formed  be- 
fore the  oospore  has  completed  its  first  segmentation.  The 
cytoplasm  is  more  dense  in  the  upper  than  in  the  lower  por- 
tion and  here  also  the  nuclei  are  more  numerous.  The  tissue 
of  the  nucellus  falls  before  the  growing  endosperm.^  The 
endosperm  soon  becomes  cellular  in  structure,  the  formation 
of  walls  beginning  in  the  micropylar  region  {jig*  136). 


Digitized  by 


Google 


(36s) 

The  development  of  the  embryo  in  Cucurhita  has  not  been 
followed  out.  Only  a  few  early  stages  were  observed.  The 
development  of  the  embryo  appears,  however,  to  proceed 
slowly,  and  considerable  endosperm  may  be  formed  before 
the  first  division  of  the  oospore  takes  place.  The  condition 
represented  by  figure  138  was  found  in  another  garden 
variety,  the  Chile  squash.  In  this  it  is  apparent  that  the  first 
walls  to  be  formed  are  transverse,  but  the  succeeding  ones 
may  be  anticlines  and  probably  give  rise  to  a  mass  of  cells 
similar  to  those  found  in  the  other  forms. 

Sicyos 

About  the  time  that  the  young  ovule  begins  the  turning 
which  finally  brings  it  to  the  anatropous  position  the  young 
spore-mother-cell  appears  below  the  epidermis  at  the  apex 
of  the  nucellus.  The  same  difi[iculties  which  hinder  the 
identification  of  the  early  archesporium  in  Cucurbita  and 
some  other  forms  are  present  here.  But  the  presence  of  two 
or  three  tabular  cells  between  the  sporogenous  cell  and  the 
epidermis  seems  to  indicate  that  the  structures  in  question 
originate  in  the  usual  manner.  The  tapetal  cells  undergo 
repeated  divisions  tangentially,  and  by  the  time  the  spore- 
mother-cell  is  ready  for  division  it  has  become  covered  by  a 
long  axial  row  of  cells.  In  fact,  the  divisions  have  followed 
so  slowly  on  the  side  toward  the  chalaza,  that  the  sporogen- 
ous cell  at  this  stage  is  much  nearer  to  the  chalaza  than  to  the 
apex  of  the  nucellus.  The  relative  development  of  the  integu- 
ments at  this  period  is  similar  to  that  observed  in  other  forms. 

The  spore-mother-cell  apparently  undergoes  the  usual 
divisions  in  the  formation  of  the  megaspore.  While  these 
divisions  were  not  observed,  nor  were  the  four  potential  mega- 
spores,  the  presence  of  a  disintegrating  mass  of  material  in  the 
vicinity  of  the  megaspore  (^jig.  141)  would  be  in  favor  of  such 
an  assumption.  Furthermore  it  would  appear  that  the  func- 
tional megaspore  is  the  lowest  one,  as  in  the  previous  cases. 

The  two-celled  embryo-sac  was  not  observed.  But  figures 
14.2  and  14J  show  the  four-celled  and  eight-celled  stages 
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respectively.  In  the  latter  the  prospective  function  of  the 
different  cells  can  be  determined  by  their  position  and  appear- 
ances, although  it  is  far  from  the  mature  condition,  as  may  be 
seen  by  a  comparison  of  figures  14.3  and  14,4.. 

In  the  mature  embryo-sac  the  synergids  and  oosphere  are 
less  vacuolated  than  in  many  of  the  other  forms  cited  and  the 
polar  nuclei  are  not  nearly  so  prominent.  No  starch  was 
observed  in  the  embryo-sac  at  any  time,  though  oil  was  often 
visible  {Jig,  144)*  In  this  embryo-sac,  which  represents  the 
conditions  prevailing  near  the  time  of  fertilization,  antipodals 
are  plainly  evident,  though  apparently  not  functional.  They 
were  not  found  in  any  preparations  of  more  advanced  mate- 
rial, and  so  must  be,  like  the  others,  of  ephemeral  character. 

The  formation  of  the  endosperm  proceeds  as  usual.  A 
mass  of  sac-like  form  soon  appears  and  elongates  rapidly 
toward  the  chalaza  {^g.  145)*  In  this  numerous  free  nuclei 
are  visible  at  an  early  stage  and  they  multiply  as  the  mass 
expands.  The  character  of  the  cytoplasm  is  at  first  open  and 
vacuolated,  but  later  it  appears  densely  granular  and  homoge- 
neous {fig.  146).  At  this  point  a  large  regular  central  vacuole 
is  formed  and  the  lower  portion  becomes  drawn  out  into  a  thin 
strand  which  penetrates  deeply  toward  the  chalaza.  Walls 
are  formed  in  the  upper  portion,  and  half  of  the  endosperm 
may  sometimes  appear  cellular  and  half  non-cellular  {fig. 

The  embryo  develops  slowly  and  various  stages  in  its 
formation  were  observed.  The  earliest  condition  seen  pre- 
sented the  appearance  shown  in  figure  14$-  Here  the  first 
division  seems  to  have  been  diagonal  and  the  second  inter- 
cepting this  plane  and  dividing  the  distal  one  of  the  two  cells 
formed  by  the  first  division.  The  subsequent  divisions  give 
rise  to  a  pyriform  mass  {fig^  146)^  and  later  to  the  usual 
structures  described  for  other  forms. 

Micramfelis 
In  this  form  the  initial  stages  in  the  formation  of  the  arche- 
sporium  were  not  observed.     By  the  time,  however,  that  the 
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integuments  have  become  elevated  to  the  top  of  the  nucellus 
the  spore-mother-cell  has  become  quite  conspicuous  at  its  cen- 
ter, and  is  surmounted  by  an  axial  row  of  cells.  Here  the 
form  and  relations  of  parts  of  the  ovule  are  similar  to  those 
previously  considered  {Jig.  14S). 

It  is  evident  that  the  spore-mother-cell  divides  as  usual  to 
form  potential  spores,  though  the  process  was  not  observed  in 
its  completeness.  The  first  division  takes  place  and  the  cell 
is  divided  equally  {^g.  i^gi).  In  the  two-,  four-  and  eight- 
celled  stages  we  find  a  perfectly  typical  development.  In 
each  case  the  center  of  the  embryo-sac  is  occupied  by  a  large 
vacuole  {^gs.  ijo-ijj)  which  becomes  more  or  less  modified 
as  development  proceeds. 

In  the  mature  embryo-sac  of  Micramfelts  the  various  organs 
are  quite  prominently  displayed.  The  egg-apparatus  consists 
of  a  conspicuous  oosphere  and  two  very  bulky  synergids,  in 
which  there  is  rather  less  vacuolization  than  is  evident  in  most 
of  the  forms.  The  antipodals  are  more  conspicuous  here 
than  in  any  of  the  preceding  species  {Jig^  155)*  The  cyto- 
plasm which  surrounds  the  endosperm  nuclei  presents  a  finely 
vacuolated  appearance,  but  at  no  time  was  any  starch  ob- 
served in  it.  The  polar  nuclei  were  not  observed  to  fuse,  but 
they  were  found  in  contact  at  the  time  just  preceding  the 
fertilization.  As  the  embryo  begins  to  form,  the  endosperm 
rapidly  expands  and  the  cytoplasm  assumes  a  much  more 
dense  and  compact  character  in  its  upper  portion,  and  numer- 
ous nuclei  are  scattered  through  it  (^fig*  156).  As  develop- 
ment proceeds,  however,  its  structure  becomes  more  open  and 
it  has  begun  to  encroach  upon  the  nucellar  tissue  {Jig*  iST)* 
Up  to  this  time  no  walls  have  been  formed  between  the  nuclei, 
but  this  condition  does  not  last  long.  The  endosperm  early 
becomes  a  solid  cellular  mass  {fig.  ijS),  in  form  wedge-shaped 
and  often  easily  dissected  out  of  the  ovule.  In  this  condition 
the  mass  makes  rapid  inroads  upon  the  nucellus,  the  cells  of 
which  show  the  effect  of  some  disintegrating  agent  wherever 
in  contact  with  the  endosperm.  This  disintegration  appears 
in  the  swelling  of  the  cell-walls  and  the  breaking  up  of  the 


Digitized  by 


Google 


(368) 

protoplasm  of  the  cells.  The  process  of  cell-formation  is 
initiated  in  the  region  near  the  embryo  and  the  more  distant 
parts  are  the  last  to  become  transformed.  The  compact 
character  of  the  upper  and  peripheral  portions  of  the  endo- 
sperm, is  apparent  only  in  the  earlier  stages ;  that  which  is 
found  later  being  of  a  much  more  open  nature  {Jig*  ^59)- 
The  expansion  of  the  ovular  tissue  proceeds  rapidly  and 
by  the  time  the  endosperm  has  reached  the  cellular  state  {fig. 
ij8)  the  ovule  has  almost  arrived  at  mature  proportions. 
The  first  divisions  of  the  oospore  are  transverse  (Jig.  ij6) 
and  the  suspensor  consists  usually  of  two  cells,  the  third  a 
terminal  cell  constituting  the  proembryo.  The  cleavages 
which  follow  in  the  proembryo  are  more  or  less  irregular 
(Jig.  /J7  a).  The  subsequent  divisions  give  rise  to  a  pyriform 
mass  of  cells  crowded  into  the  apex  of  the  nucellus.  The 
external  differentiation  of  the  embryo  proceeds  as  in  the  other 
cases  cited,  and  the  origin  of  the  cotyledons  is  evident  before 
any  interval  differentiation  is  apparent  (Jig.  ijp). 

Coccinia 

Owing  to  the  difficulty  experienced  in  growing  this  form 
the  material  obtained  was  but  fragmentary.  Hence  only  a 
glance  can  be  taken  at  the  condition  observed  in  some  of  the 
earlier  stages. 

In  this  form,  which  is  included  in  this  tribe  chiefly  on  ac- 
count of  the  characters  of  the  androecium,  the  ovules  appear 
upon  the  placenta  as  in  the  case  of  some  of  the  Cucurbiteae 
(see  text-figure  (5,  Exo  jF).  In  Coccinia^  as  in  some  of  the 
previous  cases,  the  character  of  the  tissue  in  the  apex  of  the 
young  nucellus  makes  it  diflScult  to  identify  the  archesporium. 
Only  when  the  development  of  the  megaspore-mother-cell  is 
well  advanced,  does  it  appear  probable  that  the  origin  of  the 
tapetum  and  the  primary  sporogenous  cell  takes  place  after 
the  usual  manner  {fig*  139)*  In  the  cases  observed  the  spor- 
ogenous cell  appeared  situated  below  an  axial  row  of  sterile 
cells.  In  this  as  in  previous  cases  the  growth  of  the  ovular 
organs,  integuments,  etc.,  keeps  pace  with  the  internal  differ- 
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entiation,   and  there  is  no  variation  from  the  typical  form 
worthy  of  mention. 

Cyclanihera 

In  the  very  young  ovules  the  cells  are  arranged  in  confocal 
series  and  the  archesporial  cell  is  not  easily  distinguished 
from  the  others  in  size  or  other  features  (Jig*  i6o) .  Subse- 
quently the  spore-mother-cell  appears  quite  distinct  and  the 
tapetal  cells  to  the  number  of  two  or  more,  separate  it  from 
the  epidermis  {^g.  i6i).  At  this  time  the  initial  stage  in 
the  formation  of  the  inner  integument  is  visible  in  the  usual 
form  of  a  slightly  elevated  ring  due  in  some  places  to  a  radial 
elongation  of  epidermal  cells  and  in  others  to  periclinal 
divisions  of  the  hypodermal  elements  {^g.  i6i).  In  the  sub- 
sequent growth  of  the  ovule  the  sporogenous  cell  becomes 
deeply  placed  in  the  nucellus.  The  repeated  divisions  of  the 
original  tapetal  cells  and  the  parietal  series  are  evident.  The 
long  axial  series  of  cells  thus  formed  is  shown  in  figure  162. 

The  spore-mother-cell  undergoes  the  usual  divisions  and 
the  fertile  cell  resulting  is  here  also  the  lowermost  of  the  series 
{fg.  i6j).  The  remains  of  the  non-functional  megaspores 
are  evident  for  some  time  around  the  distal  end  of  the  embryo- 
sac. 

In  the  development  of  the  embryo-sac  from  this  point  on 
only  one  early  stage  was  observed.  This  was  the  two-cell 
stage  resulting  from  the  division  of  the  megaspore.  There 
is  no  indication  of  any  irregularity  in  the  process  of  develop- 
ment. In  figure  164  a  nearly  mature  embryo-sac  is  shown 
and  this  differs  in  no  conspicuous  way  from  those  previously 
cited.  The  egg-apparatus  presents  the  usual  appearance 
with  striated  and  vacuolated  synergids.  The  antipodals  are 
evanescent  and  apparently  devoid  of  any  important  function. 

The  cytoplasm  surrounding  the  polar  nuclei  presents  a 
rather  peculiar  appearance  {fig.  164).  The  coarser  elements 
of  this  cytoplasm  are  distributed  in  a  radiating  order  around 
the  polar  nuclei,  which  here  are  seen  to  be  in  contact.  Bodies 
with  the  aspect  of  vacuoles,  whose  limiting  membrane  stains 
deeply  and  appears  to  be  relatively  thick,  are  quite  conspicu- 
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OU8.  That  these  maybe  in  some  sense  an  accidental  feature, 
due  to  some  process  in  the  preparation  of  the  material,  is  pos- 
sible, though  this  was  the  only  place  where  they  were  found, 
and  the  same  methods  were  used  in  the  preparation  of  the 
material  of  Cyclanthera  that  were  used  in  other  cases.  No 
starch  was  observed  in  this  or  later  stages. 

After  fertilization  the  endosperm  nuclei  increase  in  size  and 
multiply  rapidly  {Jig.  i6fj^  and  the  mass  as  a  whole  expands 
in  the  hollow  form. 


PART  III.     DISCUSSION  AND  CONCLUSIONS 

The  facts  set  forth  in  regard  to  the  organogeny  may  be 
summarized  briefly  as  follows :  The  pistillate  flower  begins 
as  a  lateral  outgrowth,  the  apex  of  which  becomes  depressed 
and  then  concave.  The  sepals  arise  first  around  the  margin 
of  the  torus  and  the  petals  follow  on  an  inner  circle,  the  mem- 
bers alternating  with  the  outer  series.  Within  the  circle  of 
petal-rudiments  the  carpels  arise  and  become  extended  upward 
to  form  the  style.  The  placenta  arises  as  a  longitudinal  ridge 
upon  which  the  ovules  are  borne  laterally,  except  in  the  case 
of  Sicyosy  in  which  the  ovule  is  pendent  from  the  top  of  the 
ovary. 

Of  those  forms  whose  development  has  been  studied  and 
described  above,  it  appears  that  Fevillea  is  the  most  primi- 
tive. It  is  easy  to  see  how  all  the  others  may  have  been  de- 
rived from  such  a  form.  Although,  as  Mtkller^  suggests,  the 
ovary  of  the  Cucurbitaceae  may  have  consisted  originally  of 
five  carpels,  the  simplicity  of  floral  construction  in  FeoiUea^ 
in  both  staminate  and  pistillate  flowers,  points  to  the  possible 
course  of  evolution  of  the  ovary  of  this  family.  With- 
out entering  at  present  upon  a  discussion  of  the  difiicult 
problem  of  the  morphology  of  the  androecium,  some  facts 
have  been  observed  in  the  ontogeny  of  the  ovary  which  may 
be  discussed  in  this  connection. 

In  the  three  tribes,  Fevilleae,  Melothrieae  and  Cucurbiteae, 
the  prevailing  type  of  ovary  is  the  tricarpellary  form,  and 
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various  degrees  of  specialization  may  be  observed  culmi- 
nating in  the  fruit  of  Cucurbita  Pepo.  In  the  members  of 
these  tribes  we  may  note  varying  degrees  of  development  of 


(^m^ 


Fig.  I.  Development  of  the  gynoednm.  A\oF,  Meloihria  ;  A,  apex  of 
•hoot ;  Bf  Cf  D,  E,  stages  in  the  development  of  the  ovary ;  F,  transverse 
section  of  ovary.  G  to  X',  Bryonopsis;  G,  apex  of  shoot ;  H,  /,  K^  devel- 
opment of  ovary ;  J,  section  of  ovary  a  little  later  than  K.  LtoO,  Mamor- 
dica  ;  X,  apex  of  shoot  showing  two  yonng  pistillate  flowers,  x\MtNt  young 
pistillate  flowers ;  (7,  section  of  ovary.  P,  apex  of  shoot  and  yonng  pistil- 
late flowers  of  TVichosanihes. 

the  spongy  tissue  which  fills  the  locules  of  the  ovary  and 
invests  the  seeds  completely  in  certain  genera  {Cucurbita ^ 
CiiruUus).  While  the  early  stages  in  the  ontogeny  of  the 
ovary  are  very  similar  so  far  as  observed  throughout  this 
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family,  those  changes  which  mark  the  appearance  of  specific 
and  generic  characters  are  soon  apparent.  The  same  charac- 
ter may  appear  later  in  the  ontogeny  of  the  organs  in  one 


Fig.  2.  Development  of  the  gynoednm.  A  to  £,  THchosanihes ;  A,  B^ 
C,  D,  stages  in  the  development  of  the  ovarj ;  E^  section  of  ovary.  F 
to  /,  Luffa;  F^  apex  of  shoot;  G^  H,  I,  development  of  floral  organs.  /» 
K^  Lagenaria;  /,  apex  with  two  lateral  floral  mdiments ;  K^  section  ot 
yonng  ovary.  L^  M^  Cucumis;  Z,  apex  with  young  flowers;  Jf,  longitn^ 
dinal  section  of  young  ovary.  N  to  5",  CitruUus;  N^  apex;  O,  P,  /?,  5, 
longitudinal  sections  of  young  flowers  showing  origin  of  organs. 

genus  than  in  another,  as  for  example  in  the  filling  of  the 
locules  of  the  ovary  by  placental  tissue.  This  occurs  at  an 
early  stage  in  most  of  the  Cucurbitaceae,  even  before  the 
formation  of  the  spore-mother-cell.     In  Fevillea  the  ovules 
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are  free  in  the  locules  until  some  time  after  fertilizatioi 
there  is  no  expression  of  a  tendency  toward  the  develo] 
of  spongy  tissue  until  much  later.  The  ovary  of  Fevi 
in  its  earlier  stages  imperfectly  divided  into  three  locuh 


Pig.  3.  Development  of  the  gynoecium.  A  to  E^  Cucurbita  Ft 
apical  region  of  shoot ;  B^  Q  D^  floral  rndiments  in  longitudinal  i 
E,  transTene  section  of  young  ovary.  FtoJt  similar  stages  in  the  i 
ment  of  Cocdnia,  JC  to  O,  Micratnpelis ;  K^  apex  of  shoot ;  LtoC 
tudinal  sections  through  young  ovary. 

communication  of  the  interior  of  the  ovary  with  the  e: 
is  maintained  by  the  imperfect  fusion  of  the  ingrowing 
to  a  much  greater  degree  than  is  to  be  found  in  an] 
form  as  Melothria^  Cucumis^  Cucurbita^  Sicyos  or  C 


Digitized  by 


Google 


(374) 

thera.  This  weak  development  of  the  septa  in  the  ovary  of 
Fevillea  is  still  more  significant  when  we  consider  the  condi- 
tion found  in  some  related  genera  {Alsomitra^  Zanonia)  in 
which  the  ovary,  composed  of  three  carpels,  is  unilocular 
and  open  to  the  exterior  at  the  apex.  The  development  of 
placental  tissue  which  finally  fills  the  locules  in  Fevillea 
occurs  quite  late  and  never  to  that  degree  found  in  members 
of  the  Melothrieae  and  Cucurbitcae. 

Among  the  Sicyoideae,  Cocdtnia  represents  the  condition 
closely  approximating  that  found  in  the  preceding  cases  so  far 
as  the  structure  of  the  ovary  is  concerned  (see  text-figure  j). 
The  carpels  unite  to  form  the  partitions,  and  the  placentae  in 
the  same  manner  as  in  the  Cucurbiteae.  In  the  case  of  Mi- 
cramfelis^  however,  only  two  carpels  are  apparent,  each  of 
which  produces,  in  our  species,  but  two  ovules.  The  margins 
of  the  carpels  form  two  longitudinal  elevations  which  meet  at 
the  center  and  become  flattened  against  one  another  as  in  the 
preceding  cases,  but  instead  of  a  row  of  ovules  upon  each 
flank  there  appears  but  one,  making  four  in  the  entire  ovary. 
While  no  evidence  of  more  than  two  carpels  has  been  found 
in  any  of  the  young  ovaries  of  Micramfelis  examined,  nor 
of  more  than  one  ovule  on  the  placental  fold  in  any  case,  yet 
it  seems  probable  that  the  ovary  of  this  form  is  derived  by 
the  reduction  of  three  carpels  to  two.  We  find  in  fact  that 
this  form  as  well  as  others  is  subject  to  some  variation,  and 
ovaries  are  frequently  found  in  the  mature  state  evidently 
composed  of  three  carpels,  inasmuch  as  they  contain  three 
locules  and  six  seeds.  But  the  prevailing  number  of  locules 
is  two.  We  are  reminded  of  the  peculiar  apron-like  char- 
acter of  the  placenta  of  Micramfelis  in  the  development  of 
that  organ  in  Luffa  and  others  of  the  Cucurbiteae,  in  which 
there  is  a  downward  prolongation  of  the  placenta  toward  the 
base  of  the  ovary  for  a  considerable  distance  beyond  its  in- 
sertion. If  in  the  case  of  Luffa  but  a  single  ovule  were  to 
arise  on  each  flank  of  this  downward  prolongation,  we  should 
have  a  condition  quite  similar  to  that  noticeable  in  the  early 
stages  of  Micrampelis.     Inasmuch  as  we  find  at  no  stage  in 
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the  development  of  the  ovary  of  Micramfelis  evidence  of 
aborted  carpels  or  ovules,  it  may  be  questioned  whether  in 
this  form  we  have  an  ovary  derived  by  reduction  from  one 


Fig.  4.  Development  of  the  gynoecinm.  A  to  /?,  Micrampelis;  A,  B, 
C  sections  through  different  r^ons,  a,  b^  c,  of  the  ovary,  D,  E  to  O^ 
Sicyos;  E,  apex  of  shoot;  F,  G,  H,  clusters  of  rudimentary  pistillate  flow- 
ers at  different  ages ;  /  to  A^,  longitudinal  sections  through  young  ovaries  at 
different  stages ;  Lto  O,  transverse  sections  through  /  at  the  regions  indi- 
cated by  small  letters.  P  to  J^,  Cydanthera;  P,  apex  of  shoot;  R  to  V^ 
longitudinal  sections  of  ovaries  at  di£krent  ages;  W^  transverse  section 
through  ovary  of  about  the  size  indicated  by  U, 

having  three  or  a  greater  number  of  carpels  and  a  greater 
number  of  ovules,  but  from  the  fact  that  the  prevailing  num- 
ber of  carpels  in  most  of  the  members  of  this  family  is  three 
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it  seems  more  reasonable  to  regard  the  ovary  consisting  of  two 
carpels  as  derived  by  reduction  than  as  representing  a  more 
primitive  type.  In  the  development  of  Sicyos  there  is  distinct 
evidence  of  such  reduction  (see  text-figure  4).  The  earlier 
stages  of  the  development  of  the  gynoecium  are  marked  by  the 
appearance  of  three  equidistant  elevations  on  the  torus,  which 
by  their  position  and  behavior,  must  be  regarded  as  incipient 
carpels.  We  have  here  a  reduction  in  the  number  of  func- 
tional carpels  as  shown  by  the  formation  of  a  single  placenta, 
a  case  therefore  quite  similar  to  what  might  appear  should 
one  of  the  three  placental  lobes  of  a  form  like  Bryonopsis  or 
Coccinia  bear  a  single  ovule  and  the  other  placental  lobes 
become  reduced  or  obliterated.  While  the  ovules  of  Bryo- 
no f  sis  and  Coccinia  are  horizontal,  it  is  quite  probable  that  if 
they  were  reduced  to  one  as  in  the  case  of  Sicyos  its  position 
would  be  changed  to  the  vertical. 

Cyclanthera  in  a  comparison  with  Sicyos  would  represent  a 
condition  intermediate  between  that  of  Sicyos  and  a  radially 
symmetrical  form  such  as  Bryonopsis  or  Fevillea.  If  in  the 
ovary  of  Cyclanthera  exflodens  the  two  rows  of  ovules  should 
be  replaced  by  a  single  ovule  in  vertical  position,  the  condi- 
tion would  be  entirely  similar  to  that  of  Sicyos.  In  the  indpi- 
ency  of  the  gynoecium  three  lobes  may  be  recognized,  though 
not  so  distinctly  as  in  Sicyos j  and  these  soon  become  obliterated 
in  the  stigma.  It  seems  quite  evident  that  the  ovary  of 
Cyclanthera  exflodens  has  also  been  derived  from  a  tricarpel- 
lary  form.  By  the  abortion  of  two  of  the  three  placental 
ridges  in  a  form  like  Bryonofsis  a  condition  would  result  in 
all  essential  respects  similar  to  that  existing  in  the  ovary  of 
Cyclanthera  explodens. 

The  growth  of  the  placenta  and  the  origin  of  the  ovules 
are  matters  of  interest  and  are  worthy  of  attention.  Evi- 
dently the  simplest  form  of  placentation  is  that  in  which 
numerous  seeds  arise  on  parietal  placentae  in  a  unilocular 
ovary  {Alsoniitra).  From  this  condition  it  is  easy  to  trace  the 
gradual  ingrowth  of  the  edges  of  the  carpels  and  the  develop- 
ment of  the  various  features  of  placentation,  already  described 
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to  some  extent.     Text-figures  5  and  6  are-  designed  to  rep- 
resent some  of  these  features. 

The  condition  met  with  in  Fevillea  shows  a  step  ii 
of  the  parietal  placentation  in  that  the  carpels  have 
toward  the  center  of  the  cavity  and  have  there  bei 


Fig.  5.  PlacenUtiott.  A,  B,  Fevillea,  C,  Melothria.  D, 
E,  Mamordica,  F,  Trichosanthes,  G  to  /,  Luffa,  K,  Z,,  Lagi 
CilruUus,   /,  Cucumis, 

tened  by  mutual  contact.  As  may  be  seen,  the  ovu] 
on  rather  long  funicles,  are  in  the  earlier  stage  horia 
in  this  respect  the  condition  evident  here  is  in  no 
different  from  that  found  in  Melothria^  Bryonofsis 
dica^  or  Trichosanthes.  In  these  latter  forms  the  c 
more  numerous  on  each  flank  of  the  placenta. 
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noted  that  in  Luffa  and  other  members  of  the  Cucurbiteae, 
and  in  Coccinia  and  Melothria^  the  early  condition  of  the 
placentae  is  uniform,  but  a  differentiation  soon  appears  which 
distinguishes  one  from  another.     Certain  outgrowths  from  the 


Fig.  6.  Placentation.  A  to  Z?,  Cucurbita  Pepo,  showing  origin  of  ovules 
and  their  comparatiye  development  on  the  same  placenta,  D,  E,  F,  Coc- 
cinia,   Gy  H,  Micrampelis.    /,  /,  Sicyos.    K^  Cydanihera* 

placental  flanks  mark  the  point  at  which  the  ovules  arise. 
This  is  shown  clearly  in  the  case  of  Luffa^  and  also  in 
Lagenaria  and  Cucurbita.  In  Luffa  and  Cucumis  two  ovules 
arise  on  each  flank,  but  in  Lagenaria^  Citrullus^  and  Cucur- 
bita the  number  varies  from  two  to  several. 
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As  to  the  nature  of  the  inferior  ovary  in  the  Cucurbitaceae, 
Naudin**  (1855)  expressed  the  view  that  it  was  always  wholly 
or  in  part  invaginated  in  the  tissue  of  the  peduncle,  and  that 
the  calyx  is  generally  free  from  adherence  to  it.  In  support 
of  this  position  he  cites  cases  where  the  calyx-lobes  return  to 
foliar  conditions  with  distinct  laminae  and  petioles. 

This  view  of  the  nature  of  the  inferior  ovary  was  not  new 
with  Naudin.  Schleiden^*  (^846)  after  investigations  on  Rosa, 
Leucojum^  Godeita^  JE^i^actis  and  some  other  plants,  con- 
cluded that  the  ovaries  were  formed  entirely  of  the  floral 
axis ;  furthermore  that  the  carpels  were  only  the  upper  part 
of  the  ovary  and  that  their  tips  run  up  to  form  the  style  and 
stigma.  According  to  his  view  the  conception  of  the  inferior 
ovary  as  a  fusion  of  the  carpels  with  calyx  and  corolla  was  an 
assumption  unnecessary  if  not  untenable.  He  points  out  that 
in  the  development  of  the  flower  in  Canna  exigua  and  other 
plants  the  invagination  at  the  apex  of  the  axis,  which  is  the 
beginning  of  the  formation  of  the  ovary,  takes  place  before 
there  is  any  trace  of  the  appearance  of  the  perianth,  and 
further  that  in  many  cases  the  calyx  and  corolla  are  entirely 
separate  and  stand  free  from  the  ovary.  And  so  the  ovary, 
pistil  and  stigma  represent  modifications  of  no  particular 
organs  but  are  sometimes  of  axial,  sometimes  of  foliar 
character. 

Goebel,*  however,  in  1886,  studied  the  development  of 
Pyrus  Malus  and  shows  that  the  carpellary  leaves  are  laid 
down  in  the  young  flower,  but  that  the  subsequent  intercalary 
growth  of  the  zone  on  which  they  are  inserted  produces  an 
ovary  **  lined  inside  by  the  insertions  of  the  carpels."  This 
zone  in  a  perigynous  flower  is  but  slightly  widened.  The 
ovary  of  Pyrus  Schleiden  did  not  regard  as  truly  inferior  but 
as  representing  a  fusion  of  carpels  and  floral  axis.  Goebel, 
however,  regards  it  as  the  product  of  the  growth  of  the  bases 
of  the  carpels  and  the  zone  upon  which  they  are  inserted. 
All  investigations  upon  the  development  of  inferior  ovaries, 
he  concludes,  must  reckon  with  the  question  as  to  how  much 
of  the  area  of  the  base  of  the  flower  is  occupied  by  the  incipi- 
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ent  carpels.  In  the  youDger  stages,  which  show  the  first 
laying  down  of  the  carpels,  particularly  in  the  Umbelliferae 
and  the  Compositae,  the  carpels  cover  the  whole  of  the  inside 
of  the  depression,  and  sometimes  the  gynoecium  takes  up  the 
whole  of  the  vegetative  point.  In  his  words  then  it  may  be 
summed  up:  "  die  Placentation  im  tiberstandigen  und  unter- 
standigen  Fruchtknoten  eine  ganz  obereinstimmende,  eine 
Thatsache,  die  auf  eine  tlbereinstimmende  Betheiligung  der 
Fruchtblatter  in  beiden  Fallen  hinweist.** 

B.  Schaefer^  (^890)  traced  the  development  of  the  ovary 
in  numerous  plants,  among  which  were  the  Campanulaceae. 
The  particular  representative  taken  from  that  family  was 
Phyteuma  nigrum^  in  which  he  finds  that  the  carpellary 
**  Anlagen"  are  laid  down  while  the  terminal  concavity  is  yet 
quite  shallow  and  appear  as  two  opposite  elevations  on  a 
slightly  elevated  ring  extending  to  the  base  of  the  cavity. 
Transverse  divisions  of  the  first  two  or  three  periblem  layers 
of  cells  at  the  sides  of  the  base  of  the  concavity  elevate  the 
overlying  tissues  and  so  deepen  the  depression.  He  says 
that  the  tissue  which  forms  the  covering  of  the  ovarian  cavity 
appears  as  an  outgrowth  of  the  parietal  placental  folds.  In 
conclusion  he  says  that  the  placentation  in  inferior  ovaries, 
which  he  investigated  in  the  Compositae,  Onagraceae  and 
Campanulaceae,  is  wholly  in  accord  with  that  found  in  superior 
ovaries.  He  carefully  points  out  the  course  of  develop- 
ment in  the  different  forms  and  maintains  that  the  carpels 
form  a  lining  of  the  ovarian  cavity,  their  backs  being  fused 
with  axial  tissue.  After  quoting  from  GoebePs  work,  above 
cited,  he  says :  "  So  befand  sich  die  Entwickelungsgeschichte 
in  schroffem  Gegensatz  zur  Morphologie,  welche  auf  Grund 
theils  von  vergleichenden  untersuchungen,  theils  von  Miss- 
bildungen  zu  der  Annahme  gekommen  war,  dass  die  Frucht- 
blatter sich  auch  an  der  Bildung  des  Unterstandigen  Frucht- 
knotens  betheiligen,  indem  sie,  mit  ihren  Rilckentheilen  an  die 
Axe  gebunden,  die  Innenseite  der  Hohlung  auskleiden." 

The  facts  observed  in  connection  with  the  development  of 
the  ovary  in  the  Cucurbitaceae,  apparently  support  the  conten- 
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tion  of  Schleiden  that  the  placentation  is  mainly  of  an  axial 
character  and  that  the  carpels  contribute  principally  the  upper 
portion  of  the  ovary  and  the  style.  Here  also  we  are  in  accord 
with  the  conclusions  of  Lestiboudois,*^  who  studied  the  process 
of  development  in  Cucumis  and  Bryonia.  He  states  that  the 
carpels  appear  as  projections  which  elongate  and  finally  close 
the  cavity  before  the  formation  of  the  ovules. 

Furthermore,  that  the  carpellary  *<mamelons"  are  the 
same  in  appearance  as  those  which  represent  the  sepals,  pet- 
als and  stamens  (staminodia).  This  appears  most  distinctly 
in  the  case  of  Feoillea  (^/.  58 y  jig.  d),  but  in  all  the  other 
cases  it  is  to  some  extent  apparent  and  in  some  more  than  in 
others.  After  the  first  appearance  of  the  carpels  as  minute 
lobes  on  the  peripheral  surface  of  the  torus,  there  is  in  every 
case  an  accelerated  growth  of  the  periblem  layers  situated 
just  below  the  insertion  of  the  carpels,  that  is,  toward  the 
center  of  the  torus.  The  growth  of  the  ovary  takes  place 
then  mainly  below  the  insertions  of  the  carpels,  the  cells 
around  the  bottom  of  the  cavity  retaining  for  some  time  a 
distinctly  mcristematic  character.  The  bottom  of  the  original 
concavity  which  is  indicated  by  the  termination  of  the  stylar 
canal  is  in  some  cases  {Luffa)  far  removed  from  the  lower 
end  of  the  placenta  in  its  later  stages,  the  growth  having  oc- 
curred mainly  in  the  lower  portion  of  the  ovary.  There  is 
no  evidence  of  the  fusion  of  the  backs  of  carpels,  either  with 
axial  tissue  or  with  portions  of  the  perianth,  and  such  an  as- 
sumption here  seems  unnecessary. 

Text-figures  1-4.  inclusive  show  the  course  of  ontogenetic 
development  in  the  gynoecium  as  already  described  at  length 
in  the  treatment  of  the  organogeny.  The  zone  of  growth 
just  below  the  insertion  of  the  carpels  is,  in  every  case, 
clearly  apparent.  In  certain  cases,  as  in  Fevillea,  the  pla- 
centa is  evidently  foliar  in  origin  (text-figure  5,  -^4),  and 
possibly  in  Sicyos  (text-figure  (5,  /),  but  in  all  the  others 
examined  it  arises  not  from  carpellary  tissue  but  by  a  thicken- 
ing, in  certain  definite  regions,  of  the  ovary  wall. 

The  influence  of  the  carpels  is  sometimes  manifest  in  an 
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earlier  development  of  the  oyules  in  their  region  than  on 
parts  of  the  placenta  more  remote,  as  might  be  expected 
where  the  function  of  seed-bearing  has  been  transferred 
gradually  from  sporophylls  to  axial  tissue,  though  this  con- 
dition may  be  due  to  better  nutrition.  Too  much  emphasis 
can  hardly  be  laid  upon  the  peculiar  character  of  the  pla- 
centa in  this  family.  We  have  noted  the  different  forms 
which  the  placenta  assumes  and  the  varied  structure  of  the 
ovary,  and  all  the  facts  observed  point  to  the  placenta  as  a 
center  of  variation.  It  is  here  that  we  find  evidence  of  the 
gradual  assumption  of  the  function  of  reproduction  by  tissues 
of  an  axial  nature  and  a  corresponding  decrease  in  the  extent 
to  which  foliar  tissue  is  concerned  in  this  work.  This  indi- 
cates a  certain  degree  of  plasticity  in  the  axial  tissue,  which 
is  further  expressed  in  the  multiplying  of  ovular  series  on  the 
placental  folds,  to  which  attention  has  been  called  in  the  com- 
parison of  forms  like  Melothria^  Cucumis  and  Cucurbita. 
It  is  apparent  here  that  we  have  a  condition  of  morphological 
independence  in  which  new  powers  of  variation  are  acquired, 
which  have  been  utilized  in  the  various  modifications  of  pla- 
centa and  ovary  already  pointed  out.  While  it  is  true  that 
the  number  of  placental  folds  generally  corresponds  to  the 
number  of  carpellary  rudiments,  this  is  not  always  so  (Sicyos) ; 
and  in  those  cases  in  which  the  number  of  placental  ridges 
is  usually  three,  four  or  five  may  sometimes  be  tound  (Cucur- 
bita  Pepo) ;  and  where  two  is  the  rule  three  may  occur,  etc. 
In  other  words  a  condition  of  variability  exists  which  is  more 
or  less  restricted  by  hereditary  tendencies  (Ganong*). 

The  more  important  features  of  the  ovule  and  embryo-sac 
of  the  various  species  examined  have  been  described.  A 
comparison  of  these  facts  shows  a  considerable  degree  of  uni- 
formity in  the  development  of  these  structures  between  the 
most  widely  varying  members  of  the  family.  The  ovule  in 
all  cases  is  anatropous  and  the  relative  importance,  in  point 
of  size,  of  the  nucellus  and  the  integuments  is  quite  constant 
in  all  the  species  investigated.  The  ovules  of  the  Cucur- 
bitaceae  differ  from  those  of  most  other  Sympetalae  in  some 
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respects,  as  already  pointed  out  in  the  discussion  of  Fevillea. 
The  nucellus  in  this  family  is  much  more  prominent  than  in 
other  members  of  the  sympetalous  group,  and  differs  from 
these  further  in  the  fact  that  two  integuments  are  always 
present  though  the  inner  one  seldom  attains  a  thickness  of 
more  than  two  cell-layers.  The  outer  integument  is  always 
conspicuous  and  the  walls  of  certain  layers  of  its  cells  be- 
come peculiarly  thickened  and  sculptured.  It  will  be  noted 
that  in  Fevillea  we  have  the  least  departure  from  the  typical 
sympetalous  condition  in  the  relative  size  of  outer  integument 
and  nucellus,  although  here  the  inner  integument  finds  its 
greatest  degree  of  development,  which  may  partly  be  due  to 
its  formation  in  an  open  ovary,  where  it  is  free  from  the  pres- 
sure of  the  surrounding  tissue.  If  the  facts  in  the  develop- 
ment of  the  gynoecium  will  justify  our  conclusion  that  Fe- 
villea is  a  more  or  less  primitive  form  in  this  family,  it  would 
appear  that  the  peculiar  characters  of  the  ovule  in  the  Cucur- 
bitaceae  are  not  primitive  but  specialized. 

In  the  formation  of  the  archesporium,  evidence  points  to  a 
single  archesporial  cell  as  the  forerunner  of  the  sporogenous 
tissue.  While  in  some  cases  the  definite  hypodermal  arche- 
sporial cell  was  difficult  to  identify,  the  character  of  the 
hjrpodermal  mass  concerned  did  not  seem  to  justify  the  dis- 
tinction of  a  multicellular  archesporium.  It  appears,  there- 
fore, that  the  members  of  the  Cucurbitaceae  conform  to  the 
usual  type  in  this  respect,  though  in  some  cases  expressing 
apparently  no  very  distant  departure  from  the  presumably 
primitive  condition  of  an  archesporial  complex. 

In  one  point  in  the  subsequent  development  the  species 
herein  described  present  features  much  at  variance  with  the 
corresponding  stages  in  other  Sympetalae.  Here  we  find  no 
tendency  toward  a  reduction  of  the  tapetal  or  parietal  (Coulter 
and  Chamberlain^  cells.  These  are  always  multiplied  to 
the  number  of  ten  or  twelve  before  the  embryo-sac  is  formed. 
If  the  suppression  of  the  tapetum  is  to  be  regarded  as  a  spe- 
cialized condition,  for  which  there  seems  some  reason,  we 
find  here  another  primitive  character,  though  we  should  not 
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lose  sight  of  the  fact  that  such  conditioDS  exist  in  many  of 
the  lower  angiosperms. 

In  the  division  of  the  primary  sporogenous  cell  four  mega- 
spores  are  usually  formed,  and  the  condition  in  this  family  is 
therefore  in  harmony  with  the  almost  universal  habit  in  the 
Sympetalae.  In  all  the  cases  where  it  was  observed  the 
tetrad  was  a  straight  row  of  cells  of  which  it  was  always  the 
one  at  the  chalazal  end  of  the  series  which  became  f  unctional, 
the  only  apparent  reason  for  the  selection  of  this  cell  being 
its  more  advantageous  situation  with  reference  to  the  source 
of  nutritive  materials  which  come  through  the  chalaza,  an 
idea  which  Koernicke  has  also  expressed."  In  all  cases 
the  spore  enlarges  considerably  and  then  proceeds  to  the 
regular  series  of  divisions,  which  usually  gives  rise  to  but 
eight  nuclei  from  which  the  egg-apparatus  and  other  struc- 
tures are  differentiated.  Very  few  mitoses  were  observed  in 
all  the  preparations  examined  and  no  generalizations  can 
be  made  concerning  conditions  upon  which  such  facts  are 
supposed  to  throw  light.  Where  the  divisions  were  observed 
they  were  simultaneous  within  the  same  sac,  and  there  was 
no  evidence  of  the  most  evanescent  kind  of  a  cell-plate.  In 
the  formation  of  the  egg-apparatus  and  the  development  of 
its  particular  features  we  recognize  those  characters  so  com- 
mon among  the  dicotyledons  and  the  Sympetalae  in  particu- 
lar. In  fact  in  all  essential  features  the  embryo-sac  is  similar 
to  many  others,  from  various  sources  and  cycles  of  affinity. 
The  polar  nuclei  in  many  cases  have  been  observed  to  unite 
before  any  evidence  of  fertilization  was  apparent.  While 
neither  of  the  polar  nuclei  was  observed  to  lie  in  contact  with 
the  egg-cell  their  position  was  uniformly  close  to  it.  The 
lower  of  the  polar  nuclei  always  migrates  to  the  vicinity  of 
the  egg-apparatus,  where  it  unites  with  the  upper  one; 
but  no  migration  of  the  fusion  nucleus  occurs  as  observed  by 
Ikeda**  in  Tricyrtis  hirta. 

Among  the  Sympetalae  there  is  a  tendency  toward  the  re- 
tention of  the  antipodals,  and  even  in  some  cases  toward  the 
formation  of  tissue  by  their  proliferation.     But  such  is  not 
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the  case  here,  where  it  has  been  shown  that  the  antipodals 
are  never  of  more  than  transient  duration.  There  is  abso- 
lutely no  evidence  that  these  cells  in  the  Cucurbitaceae  are 
at  all  concerned  in  any  of  the  formative  or  nutritive  work 
carried  on  in  the  embryo-sac.  In  the  development  of  some 
of  the  forms  here  considered  the  failure  of  the  antipodals  to 
develop  is  accompanied  by  a  cessation  of  growth  in  that 
region  not  only  in  the  embryo-sac  but  also  in  the  cells  of  the 
nucellus  which  immediately  surround  them ;  so  that  in  much 
later  stages  when  the  cells  of  the  nucellus  have  expanded  to 
many  times  their  former  size,  the  mass  of  cells  referred  to 
forms  a  sort  of  pocket  into  which  is  inserted  the  end  of  the 
vermiform  prolongation  of  the  endosperm  (Cttrullusy  Apodan^ 
therd).  Not  only  is  this  true,  but  a  slight  thickening  of  the 
walls  of  these  cells  takes  place  and  an  appearance,  as  if 
cutinized,  is  one  of  the  more  conspicuous  features.  Other 
cases  of  the  retardation  of  the  antipodal  region  have  already 
been  observed  in  Tyfha^  Sagittaria^  Oenothera  and  other 
genera. 

The  process  of  fertilization  and  the  origin  of  the  embryo 
is  still  an  open  question  in  the  Cucurbitaceae,  except  for  the 
case  of  mesogamy  cited  by  Longo  mCucurbiia  Pepo.  *  In 
the  many  preparations  that  were  made  and  studied  not  one 
showed  this  phase  with  sufficient  clearness  to  justify  any  con- 
clusions. There  is  evidence,  however,  that  the  processes  of 
fertilization  and  embryo-sac  development  are  normal,  f  In 
the  case  of  every  species  studied,  except  Coccinia^  the  pres- 
ence of  the  pollen-tube  was  detected  in  the  micropyle  and  in 
many  cases  it  had  even  penetrated  through  the  tissue  of 
nucellus  into  the  embryo-sac.  In  the  case  of  Cucurbita  Pefo 
the  end  of  the  pollen-tube  was  found  in  the  micropyle  before 
it  had  reached  the  embryo-sac.  In  its  extreme  end  appeared 
the  large  vegetative  nucleus  and  just  posterior  to  this  two 
smaller  ones,  presumably  the  generative  nuclei  {Jig^  i33\ 

*Rcn<L  R.  Accad.  Lincei,  lo:  168-172.     1901. 

t  Massart's  contribation  to  this  subject  was  not  accessible  and  reference 
to  it  has  of  necessity  been  omitted. 
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But  the  actual  conjugation  of  the  oospore  with  the  male  gen- 
erative nucleus  was  not  observed,  nor  could  it  be  said  that 
one  of  the  synergids  was  not  fertilized,  though  this  seems 
improbable. 

The  pollen-tube  in  this  family  presents  some  interesting 
peculiarities.  In  most  of  the  cases  studied  it  proceeds  straight 
through  the  micropyle  to  the  embryo-sac.  But  in  Cyclanthera 
and  Cucumis  the  pollen-tube  becomes  dilated  in  tfie  neck  of 
the  nucellus  which  extends  through  the  micropyle  and  the 
surrounding  cells  are  broken  down  to  make  way  for  it. 
This  dilation  is  carried  to  an  extreme  in  Cucurbita  Pefo^ 
which  has  recently  been  described  by  Longo.**  In  this  case 
the  tube  branches  and  ramifies  in  different  directions  through 
the  tissue  of  the  integuments.  The  writer  had  hoped  to  treat 
more  fully  the  subject  of  fertilization  and  the  behavior  of  the 
pollen-tube  in  this  paper,  but  the  failure  thus  far  to  secure 
the  best  of  material  for  such  a  study  has  rendered  it  expedi- 
ent to  leave  this  subject  for  a  later  contribution. 

In  the  Cucurbitaceae  great  interest  attaches  to  the  behavior 
of  the  endosperm.  The  forms  which  this  tissue  assumes 
have  already  been  described.  As  a  rule  the  divisions  of  the 
endosperm  nucleus  occur  before  the  first  cleavage  of  the 
oospore.  Fusion  of  the  polar  nuclei  must  take  place  about 
the  time  of  fertilization ;  in  the  cases  where  it  was  definitely 
observed  it  took  place  slightly  before  the  appearance  of  the 
pollen-tube,  and  where  the  complete  fusion  was  not  apparent, 
numerous  endosperm  nuclei  were  to  be  seen  while  the  embryo- 
sac  was  still  undivided. 

The  appearance  of  starch  in  the  embryo-sac  at  the  time  of 
fertilization  is  significant.  It  is  not  of  general  occurrence, 
but  was  found  only  in  Apodanthera^  Bryonofsis^  Luffa^  Tri- 
chosanihes  and  Cucurbita.  Inasmuch,  however,  as  starch  is 
frequently  of  very  transient  duration  it  might  have  been  over- 
looked in  others.  It  is  quickly  formed  as  the  embryo-sac 
approaches  maturity  and  reaches  its  maximum  before  the 
appearance  of  the  pollen-tube.  No  starch-grains  were  found 
in  any  case  after  the  first  division  of  the  oospore.     In  the  case 
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of  Luffay  Trichosanthes  and  Bryonopsis  it  will  be  observed 
that  the  starch  appears  before  the  fusion  of  the  polar  nuclei, 
though  in  the  case  of  Afodanihera  the  fusion  takes  place 
before  the  formation  of  the  starch.  In  Cucurbita  the  fusion- 
nucleus  is  seen  in  the  midst  of  the  starchy  cytoplasm. 

The  source  of  this  starch  is  a  matter  of  much  interest. 
Schleiden  ^  states  that  the  starch  is  brought  to  the  ovule  of 
Cucurbita  by  the  pollen-tube,  but  here  we  find  starch  in  the 
embryo-sac  before  the  pollen-tube  appears.  D'Hubert  ^^  de- 
scribes a  condition  in  Phyllocactus  in  which  starch  is  formed 
£rst  in  the  antipodals  and  later  disappears  from  these  and 
accumulates  in  the  free  cytoplasm  of  the  embryo-sac.  Lloyd  " 
reports  an  abundance  of  starch  in  Galium  surrounding  the 
polar  nuclei  and  also  in  the  antipodal  cells.  He  finds  it  also 
in  Diodia  and  Houstonia  to  some  extent,  though  in  the  former 
it  appears  first  in  the  antipodals  and  later  in  the  endosperm. 
In  either  case  it  appears  to  be  wanting  until  after  fertilization. 

It  will  be  noted  that  in  Cucurbita  and  the  other  cases  cited 
the  polar  nuclei  or  the  fusion-nucleus  by  their  size  and  chro- 
matic features  exhibit  a  high  degree  of  metabolic  activity. 
The  antipodals  in  some  cases  are  prominent  (  Trichosanthes) 
and  in  others  {Cucurbita^  Apodanthera^  Luffa  and  Bryonof- 
sis)  either  partially  disorganized  or  merely  vestigial.  Hence 
it  is  evident  that  the  antipodals  are  not  physiologically  active 
at  this  stage.  In  those  cases  in  which  the  fixation  was  ac- 
complished by  osmic  acid  mixtures,  the  presence  of  much  oil 
was  apparent  in  the  tissue  of  the  nucellus  immediately  sur- 
rounding the  embryo-sac  {Cucumis^jig.  84).  The  quantity 
of  oil  is  greatest  nearest  the  embryo-sac.  The  evidence  at 
hand  indicates  that  the  oil  is  absorbed  from  these  cells  by  the 
embryo-sac  and  becomes  transformed  into  starch  in  the  cyto- 
plasm surrounding  the  polar  nuclei. 

The  physiological  equivalence  of  fats  and  carbohydrates 
is  a  fact  well  known.  Pfeffer^°  points  out  that,  during  the 
germination  of  the  oily  seed  of  the  cucumber,  glucose  is 
formed  abundantly,  and  oil  is  formed  from  glucose  in  the 
ripening  seed  of  Ricinus^  but  from  starch  in  the  endosperm 
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of  Paeonta.  In  the  germination  of  the  cocoanut  starch  is 
formed  abundantly  (Kirkwood  and  Gies^  from  the  reserve  fats 
of  the  endosperm  and  this  process  is  intra-cellular  within  the 
cotyledon.  The  absorption  of  fats  then  takes  place,  probably 
in  an  emulsified  condition,  through  the  cell-walls,  and  starch 
is  formed  from  the  products  of  their  decomposition.  It  is  not 
easy  to  determine,  in  a  structure  so  small  as  an  embryo-sac, 
the  presence  of  an  emulsifying  or  adipolytic  ferment  by  an 
experimental  process,  but  it  seems  probable  that  such  may 
occur*  However,  in  the  case  of  the  cocoanut  no  such  agent 
has  been  detected. 

It  is  evident  that  starch  serves  an  important  nutritive  func- 
tion in  the  subsequent  growth  of  the  endosperm.  Its  very 
transient  character,  and  the  immediate  expansion  of  the  endo- 
sperm as  a  whole,  indicate  that  it  is  consumed  in  the  process. 
It  can  hardly  be  regarded  as  a  nutritive  medium  for  the 
embryo  directiy,  inasmuch  as  the  oospore  exhibits  very  littie 
growth  until  after  the  elongation  of  the  endosperm,  the  multi- 
plication of  its  nuclei  and  the  disappearance  of  the  starch. 
The  development  of  the  embryo  begins  only  after  the  endo- 
sperm has  displaced  part  of  the  tissue  of  the  nucellus. 

The  general  features  of  the  growth  and  development  of 
the  endosperm  in  the  Cucurbitaceae  have  been  known  for 
some  time.  Mirbel"*  (1815)  observed  that  the  perisperm  in 
seeds  of  Cucurbita  was  very  thin,  that  the  cotyledons  were 
large  and  broad*  Again,  in  1829,**  he  discusses  the  morphol- 
ogy of  Cucumis  Anguria  and  C*.  leucantha^  and  figures  an 
ovule  and  the  structures  it  contains  after  fertilization.  In  this 
particular  case  the  endosperm  occupies  a  large  space  in  the 
nucellus  and  in  form  was  ovoid  with  a  tube-like  prolongation 
at  its  lower  end.  The  embryo  at  this  stage  he  represented  as 
narrow,  pyriform,  and  about  one-sixth  the  length  of  the  endo- 
sperm. 

Schleiden,^*  in  the  second  edition  of  his  Grundzuge  der 
ivissenschaftliche  Botanik^  describes  an  ovule^of  Cucurbita 
Pepo  after  fertilization  and  represents  the  embryo-sac  as  ex- 
tending from  micropyle  to  chalaza.    In  another  work  "  (184S) 


Digitized  by 


Google 


(389) 

he  states  that  the  embryo-sac  shows  a  chalaza-ward  exten- 
sion at  about  the  time  when  the  pollen-tube  begins  its  disten- 
sion in  the  micropyle.  He  further  states  that  when  the  ovary 
has  reached  a  length  of  about  fifty  millimeters  the  endosperm 
has  begun  to  show  a  cellular  structure.  Garreau^  (^^49) 
studied  Momordica  Elaterium  and  Cucumis  sativus  and  shows 
that  in  the  former  case  the  endosperm  had  replaced  about 
half  the  tissue  of  the  nucellus  while  the  embryo  was  still 
only  a  spherical,  undifferentiated  mass  of  cells.  Although 
he  misunderstood  some  of  the  structures  which  he  saw,  he 
correctly  represented  the  elongated  mass  of  endosperm  of 
Cucumis  narrowed  at  its  lower  end.  In  this  case  the  endo- 
sperm has  begun  to  show  a  cellular  structure  in  its  upper  por- 
tion while  the  embryo  was  still  a  pyriform  mass  of  cells.  Hof- 
meister**  (1849)  went  further  in  his  study  of  the  endosperm 
of  EcbalUum  {Momordica)  Elaterium.  He  observed  that  the 
endosperm  rapidly  displaced  the  nucellus  and  that  the  em- 
bryo in  turn  displaced  the  endosperm.  He  further  repre- 
sented the  vacuolated  granular  character  of  the  endosperm 
cells  and  expresses  the  opinion  that  the  process  of  develop- 
ment in  the  ovule  of  EcbalUum  was  repeated  in  those  of 
other  members  of  the  Cucurbitaceae. 

The  facts  obtained  in  this  study  relative  to  the  behavior  of 
the  endosperm  have  been  recorded  in  each  special  case,  and 
a  comparison  of  the  results  will  show  that  there  is  some 
degree  of  uniformity  in  the  growth  and  development  of  the 
endosperm  in  the  different  species.  It  first  expands  into  a 
sac-like  body  in  the  periphery  of  which  are  numerous  free 
naclei  formed  before  the  first  division  of  the  fertilized  egg. 
The  coenocytic  condition  is  retained  for  some  time  and  is 
gradually  replaced  by  a  cellular  structure,  first  in  the  micro- 
pylar  region.  The  expansion  of  the  endosperm  is  rapid  and 
always  first  in  the  direction  of  the  chalaza.  The  most  rapid 
expansion  takes  place  usually  in  the  coenocytic  condition. 
The  tissue  of  the  nucellus  is  rapidly  disorganized  wherever 
the  endosperm  comes  into  contact  with  it.  There  seems  to 
be  no  doubt  that  the  nucellus  is  digested  by  ferments  secreted 
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by  the  endosperm  and  that  the  embryo  in  its  early  stages  is 
nourished  by  the  products  of  this  digestion,  though  not  di- 
rectly. Although  anatomical  evidence  only  is  at  hand  on 
this  question,  the  facts  observed  were  all  in  harmony  with  the 
above  conclusion.  The  endosperm  grows  at  first  at  the  ex- 
pense of  the  embryo  by  utilizing  the  materials  which  it  ob- 
tains for  its  own  development,  but  when  the  embryo  at  a  later 
time  begins  its  growth  it  does  not  digest  the  endosperm,  but 
apparently  absorbs  the  material  supplied  by  it.  That  the 
endosperm  is  only  temporarily  functional  in  this  way  is  indi- 
cated by  its  appearance  in  those  stages  of  embryonic  develop- 
ment which  follow  the  differentiation  of  cotyledons.  At 
about  this  time  the  ovule  has  almost  assumed  the  proportions 
of  a  ripe  seed  and  the  nucellus  is  able  to  offer  no  resistance 
to  the  growth  of  the  embryo  or  to  the  flow  of  those  nutritive 
substances  which  enter  through  the  chalaza.  The  endosperm 
very  early  replaces  most  of  the  nucellar  tissue  and  before  the 
embryo  is  far  along  in  its  growth  there  is  little  of  it  left.  The 
endosperm  loses  most  of  those  plasmatic  characters  which 
indicate  an  active  metabolism,  and  becomes  of  very  thin  and 
watery  consistency. 

That  endosperm  sometimes  acts  as  a  digestive  medium  in 
absorbing  the  tissue  of  the  nucellus  has  been  shown  by  John- 
son,^ in  the  case  of  certain  species  of  the  Piperaceae. 
Haustorial  extensions  of  the  endosperm  are  more  or  less 
common  in  many  families  among  the  Sympetalae.  Balicka- 
Iwanowska^  found  in  the  Campanulaceae  haustoria  devel- 
oped from  the  endosperm  which  penetrated  the  integuments 
of  the  ovule.  From  these  and  other  observations  the  gener- 
alization was  made  that  such  haustoria  were  formed  only  in 
ovules  with  thick  integuments.  Other  investigations  in  the 
Campanulaceae  have  been  conducted  by  Hegelmaier.*  He 
found  that  the  endosperm  of  Specularia  extends  toward  the 
chalaza  in  a  string-like  mass  which  may  sometimes  become 
divided  by  walls  transversely  and  sometimes  longitudinally. 
Other  investigations  on  the  Lobeliaceae  and  the  Stylidiaceae 
reveal  haustorial  appendages  of  the  embryo-sac  which  serve 
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a  nutritive  function.  But  such  structures  are  not  confined  to 
the  Sympetalae,  for  Miss  Benson^  has  found  in  several  mem- 
bers of  the  Amentiferae  a  vermiform  extension  of  the  embryo- 
sac  which  reaches  toward  the  chalaza. 

The  form  assumed  by  the  embryo  is  remarkably  uniform 
from  the  first.  Usually  two  or  three  transverse  divisions  of 
the  oospore  result  in  the  formation  of  a  proembryo  and  a 
rudimentary  suspensor  which  lasts  but  a  short  time.  Subse- 
quent divisions  proceed  with  no  perceptible  regularity  until  a 
globular  or  pyriform  mass  is  formed.  After  this  stage  the 
embryo  becomes  broadened  distally  and  the  cotyledons  ap- 
pear. At  the  same  time  there  is  an  internal  marking  off  of 
root-cap  and  dermatogen.  Subsequent  growth  develops  the 
cotyledons  and  the  growing  point  of  the  stem  is  organized 
very  late. 

In  many  of  the  sympetalous  families  the  forms  of  the  em- 
bryo are  quite  different  from  those  in  the  Cucurbitaceae.  In 
the  Campanulaceae  Tulasne"  found  that  the  oSspore  of  CVarw- 
panula  elongates  to  ten  or  twelve  times  its  diameter,  and  then 
forms  near  its  outer  end  two  or  three  transverse  walls,  the 
terminal  cell  being  the  proembryo.  In  the  Rubiaceae  and  in 
the  Globulariaceae  an  extensive  suspensor  is  developed.  But 
the  different  degrees  of  development  which  the  suspensor 
may  reach  is  so  varied  throughout  the  angiosperms  that  this 
feature  is  of  little  value  as  a  means  of  determining  relation- 
ships. 

As  to  the  systematic  position  of  the  Cucurbitaceae,  the  facts 
at  hand  will  hardly  justify  any  sweeping  conclusions.  Too 
little  is  yet  known  of  the  exact  course  of  intra-seminal  devel- 
opment in  this  and  in  other  families  supposed  to  be  closely 
related.  Of  the  eighty  or  more  genera  of  this  family  but  a 
few  have  been  carefully  studied,  and  while  these  are  quite 
representative  and  the  results  uniform,  still  it  would  no  doubt 
be  advantageous  to  know  the  conditions  existing  in  some 
other  members  of  the  Fevilleae,  e.  g.^  Alsomitra  and  Zanonia. 
This  is  desirable  from  the  fact  that  Fevillea  itself  presents 
conditions  less  at  variance  with  those  found  in  others  of  the 
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Sympetalae,  not  only  in  the  form  and  structure  of  its  ovule 
but  aJso  in  a  certain  character  of  its  embryo-sac,  viz.,  the  in- 
crease in  the  number  of  antipodals.  But  in  most  points  the 
differences  between  the  Cucurbitaceae  and  other  sympetalous 
families  are  more  striking  than  the  similarities,  and  include 
the  form  and  structure  of  the  ovule,  the  presence  of  a  distinct 
tapetum  and  the  ephemeral  character  of  the  antipodals. 
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Kby  to  thb  Lbttbring  op  Tbxt-Pigurbs  AMD  Plates 
Cy  carpel.  x^  pistillate  flower, 

ff ,  nncellos.  »,  inner  integnment. 

0.  placenta.  oi^  enter  integnment. 
Py  petal.  A,  haustorinm. 

5,  sepal.  //,  pollen-tube. 

5/,  staminodinm.  en^  endosperm. 

5/,  stigmatic  lobe. 

Bzpkuistlon  of  Ptatos  88-d9 

FevilUa  cordijolia  (Platbs  58  and  59). 

1.  Apex  of  shoot,  showing  origin  of  pistillate  flowers.    X  ^* 

2.  Cellalar  stmctore  of  the  apex.    X  184. 

3.  Rudiment  of  a  pistillate  flower.    X  184. 

4.  Later  stage  of  same,  showing  origin  of  sepals.    X  184. 

5.  Ditto,  showing  origin  of  petals. 

6.  Outline  sketch  of  later  stage,  showing  origin  of  carpels  and  staminodia. 
X60. 

7.  Transverse  section  through  young  ovary,  showing  origin  of  the  pla- 
centae.   X  144. 

8.  Placenta  and  ovule.    X  ^* 

9.  Archesporial  cell.    X  44o. 

la  Showing  condition  of  nucellus.    X  184. 

11.  Primary  sporogenous  cell  and  tapetnm.    X  44o. 

12.  Spore-mother-cell  deep  in  tissue  of  nucellus.    X440. 

13.  Form  of  ovule,  longitudinal  section.    X  ^* 

14-  Megaspore-mother-cell.    Metaphase  of  first  division.    X  920. 

15.  Ditto,  after  first  division.    X  92a 

16.  Pour  megaspores ;  lowermost  one  functionaL    X  920. 

17.  Bmbryo-sac  of  four  cells.    X  440- 

18.  Embryo-sac  approaching  maturity.    X  440. 

19.  Definitive  embryo-sac.    X  480. 

20.  Embryo-sac  and  upper  part  of  endosperm.    X  440. 

21.  Portion  of  nucellus  showing  extent  of  endosperm.    X  40. 

22.  Embryo  and  endosperm.    X  44o* 
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23.  Embryo  and  endosperm.    X  1^4.    Endosperm   somewhat   disinte- 
grated. 

24.  Embryo.    X  44o. 

Melothria  pendula  (Pi^atss  59  and  60). 

25.  Megaspore-mother-cell.    Origin  of  inner  integuments,  n.    X  44o- 

26.  Fonr-celled  embryo-«ac.    X  44o. 

27.  Embryo-sac  near  maturity.    X  440. 

28.  Embryo  and  endosperm.    X  440. 

29.  Ditto,  slightly  later.    X  44o. 

30.  Embryo.    X  440. 

31.  Embryo  of  14  to  16  cells.    X  440. 

32-34.  Embryos  of  various  stages.    Magnified  440,  324  and  184  times  re- 
spectively. 

Apodanthera  undulata  (Pi«atb  60). 

35.  Definitive  embryo-sac.    X  440. 

36.  Endosperm  showing  starch.    X  44o* 
37-38.  Embryos.    X  44o. 

39.  Apex  of  nucellus,  pollen-tube,  embryo  and  endosperm.    Haustorial 
extension  of  endosperm.    X  184* 

40.  Embryo  of  39,  enlarged.    X  44o. 

41.  Anatomical  relations  of  nucellus,  embryo  and  endosperm.    X  30. 

42.  Apical  region  of  radicle  of  young  embryo,  showing  some  difierentia- 
tion  of  root-cap  and  dermatogen.    X  i84> 

43.  Same  embryo  showing  region,  from  which  stem  apex  is  formed- 

X184. 

43a.  Schematic  representation  of  same  embryo. 

Bryonopds  laciniosa  erythrocarpa  (Pirate  61). 

44.  Apex  of  nucellus  showing  primary  sporogenous  cell.     X  3^3. 

45.  Ditto,  later.     X  3^2. 

46.  Megaspores,  functional  one  longest.    X  3i2' 

47.  Two-celled  embryo-sac.    X  44o. 

48.  Embryo-sac  of  eight  cells  before  migration  of  polar  nucleL    X  44o. 

49.  Embryo-sac  near  definitive  stage.    Starch-grains  abundant.     X  440. 

50.  Embryo-sac  after  fertilization.  Oospore  and  endosperm  with  scattered 
starch -grains.     X  440. 

51.  Embryo  and  contiguous  endosperm.    X  44o. 

Trichosanthes  Anguina  {Vi^Kt%  Si), 

52.  Apex  of  nucellus  showing  archesporial  cell.    X  44o. 

53.  Primary  sporogenous  cell  and  tapetal  layers.    X  44o. 

54.  Concluding  stage  in  second  division  of  the  sporogenous  cell.    Divi- 
sions apparently  suppressed  in  the  other  cell.     X  44^. 

55.  Megaspore.    Non-functional  ones  represented  by  black  mass.    X  440. 

56.  Embryo-sac  showing  starch  content     X  44o* 

57.  Two-celled  embryo  and  upper  portion  of  endosperm.    X  440. 

58.  Pour-celled  embryo.    X  440. 
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59*  Outline  sketch  showing  proportions  of  nncellas,  embryo  and  endo- 
sperm.   X  40. 

60.  Portion  of  endosperm  from  same.    X  44^ 

61.  Embryo  from  59.    X  184. 

62.  Embryo  and  endosperm.    X  40. 

Momordica  Charaniia  (Pi^TBS  61  and  62). 

63.  Yonng  ovale  showing  megaspore-mother-celL    X  i^- 

64.  Megaspore-mother-cell.    X  44o. 

65.  Embryo-sac  of  two  cells. 

66.  66a.  Different  sections  through  the  same  embryo-sac.    X  44o. 

67.  PoUen-tnbe,  embryo,  and  endosperm.    X  44o. 

68.  Embryo  and  endosperm.    X  184. 

69.  Embryo,  pollen-tube  and  endosperm.    X  3^* 

70.  Embryo,  cellular  endosperm.     X  44o. 

71.  Showing  relative   proportions  of  embryo,  endosperm  and  ovular 
tissue.    X  36. 

Luffa  acutangula  (Platbs  62  and  63). 
72>  73>  74*  M^^pore-mother-cells  at  difiEerent  ages.    X  440. 

75.  M^^pores,  frinctional  one  largest.    X  44o* 

76.  Two-celled  embryo-sac.    X  44o. 

77.  Pour-celled  embryo-sac.     X  44o* 

78.  Eight-celled  embryo-sac    X  44o* 

79.  Embryo-sac  near  maturity.    X  440. 

8a  069pore  and  endosperm  containing  scattered  starch-grains.     Disinte- 
grating nucellar  cells.    X  44o. 

81.  Pirst  division  of  odspore  completed. 

Cucumis  myriocarpus  (Platbs  63  and  64). 

82.  Primary  sporogenons  cell  and  tapetum.    X  44o. 

83.  Telophases  of  the  second  division  of  the  megaspore-mother-celL    X 
440. 

84.  Embryo-sac  near  the  definitive  stage.    X  44^. 

85.  Representing  embryo  of  three  cells.     X  44o. 

86.  Similar  to  85.     X  44o. 

87.  Young  embryo  and  endosperm.    X  44o. 

88.  Embryo,  endosperm  and  pollen-tube.    Showing  effect  of  endosperm 
on  cells  of  nucellus.    X  184. 

89.  Embryo  of  same.    X  44o. 

90.  Embryo.    X  44o. 

91.  Embryo,  endosperm  and  nucellus.    X  4^* 

92.  Apical  region  of  radical  end  of  embryo  from  91.     X  44o. 

93.  Portion  of  endosperm  ;  the  large  cells  are  at  the  center  of  the  mass, 
the  small  ones  at  the  periphery.    X  44o. 

Lagenaria  Lagenaria  (Pi^a^TB  64). 

94.  Apex  of  young  ovule  before  differentiation  of  archesporium.    X  440* 

95.  Sporogenous  cell  and  tapetum.    X  ii4* 
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96.  After  first  division  of  inegasporc-mother-cell.     X  44o- 

97.  Poor  megaspores.     X  AAO, 

98.  Mitoses  of  the  embryo-sac  nuclei  preceding  eight-cell  stage.     X  44o. 
99-100.  Stages  approaching  definitive  embryo-sac.    Showing  aggregation 

of  starch.     X  44o* 

loi.  ninstrating  first  division  of  oospore  and  young  endosptrnj.     X  44°. 

102.  Bmbryo  of  five  or  six  cells.     X  44o. 

103.  Yonng  embryo  and  cellular  endosperm.     X  440- 

104.  Endosperm,  embryo  and  part  of  nucellus.     X  184. 

105.  Diagrammatic  sketch  showing  relative  proportions  of  embryo,  endo- 
sperm, and  nucellus.    X  4o. 

106.  Same  embryo  with  upper  part  of  endosperm.    X  184. 

107.  Older  embryo.    X  184* 

Benincasa  hispida  (Pi^aTB  65). 

108.  Apex  of  very  young  ovule  before  formation  of  archesporium.     X  44o. 

109.  Megaspore-mother-cell  and  tapetum.    X  44o. 
no.  Pour-celled  embryo-sac.    X44o. 

111.  Bight-celled  embryo-sac.    X440. 

112.  Nearly  mature  embryo-sac.     X44o. 

113.  Oospore  and  endosperm.     X  440. 

114.  Ditto,  slightly  later.    X  44o. 

115.  Showing  lines  of  cleavage  in  embryo.    X  44o- 

116.  Bndosperm  and  disintegrating  nucellus.    X44o. 

Citrullus  Citrullus  (Pi^aTbs  65  and  66). 

117.  Apex  of  nucellus ;  primary  sporogenous  cell  and  tapetum.    X  312. 

118.  Process  of  formation  of  megaspores.     X440. 

119-121.  Two,  four,  and  eight-cell  stages  in  embryo-sac  formation.  X 
440. 

I2i-I22a.  Different  aspects  of  the  embryo-sac  near  time  of  maturity. 
Oospore  omitted  from  122a.    X  44o. 

123.  Oospore  and  growing  endosperm.     X44o. 

124.  Diagram  of  embryo,  endosperm  and  nucellus;  V^  representing 
'  *  pocket "  of  cells  around  end  of  haustorium.     X  40.  /i; 

125.  Bmbryo  and  upper  part  of  endosperm  indicated  in  124.     X  440. 

126.  Showing  terminal  portion  of  haustorium  and  structure  of  **  pocket.*' 
X312. 

Cucurbita  Pepo  (Pirates  66  and  67). 

127.  Primary  sporogenous  cell  and  tapetum  (?).     X  440. 

128.  Same  at  later  stage  (megaspore-mother-cell).     X44o. 

129.  After  first  division  of  megaspore-mother-cell.     X  44o* 
129a.    The  four  megaspores.     X  44o. 

130.  Pour-celled  embryo-sac.    X  44o- 

131.  Bmbryo-sac  of  eight  cells.  Early  stages  in  differentiation  of  parts. 
X440. 

132.  Definitive  embryo-sac  containing  starch.  Antipodals  vestigial. 
X440. 
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133-  Apex  of  pollen-tube  as  it  appears  in  the  micropyle.    X  44o. 

134.  Oospore  and  young  endosperm.     X  44o- 

135.  Showing  relative  extent  of  endosperm  in  the  same  case  as  134. 
X160. 

136.  Showing  form  and  structure  of  the  endosperm.    X  312. 

137.  Bmbryo-sac  (crook-neck  squash)  near  maturity.    X  440. 

138.  Young  embryo  (Chile  squash).    X  440. 

Coccinia  cardifolia  (Pi,atk  67). 

139.  Megaspore-mother-cell  and  tapetum.    X  44^. 

140.  Pour-celled  embryo-sac.    X  44o* 

Sicyos  angtdata  (Pi^TB  67). 

141.  Nucellus  and  inner  integuments.    Megaspore-mother-cell  after  first 
division.    X  184- 

142.  Bmbryo-sac  of  four  cells.     X  440. 

143.  Bmbryo-sac  of  eight  cells.    X  440. 

144.  Bmbryo-sac,  almost  mature.     X  48a 

145.  Young  embryo  and  endosperm.    X  440. 

146.  Pollen-tube,  embryo  and  endosperm.    X  i^* 

147.  Showing  progress  of  endosperm  formation.    X  312. 

Micrampelis  lohata  (Pi;atks  68  and  69). 

148.  Nucellus  and  spore-mother-cell.    X  184. 

149.  Telophase  of  first  division  of  spore-mother-cell.    X  440. 
150-15 1.  Two-celled  embryo-sacs  of  slightly  different  ages.    X  44<^ 

152.  Bmbryo-sac  of  four  cells.     X  440. 

153.  Bmbryo-sac  of  eight  cells.     X  312. 

154.  Showing  process  of  differentiation  in  the  embryo-sac  of  eight  cells. 
X440. 

155.  Bmbryo-sac  near  maturity. 

156.  Young  embryo  and  endosperm.    Showing  also  remnant  of  a  synergid 
and  the  pollen  tube.    X  312. 

157-  Slightly  later  stage  than  156.    Bmbryo  of  about  ten  cells.    X  3^^. 

158.  Bmbryo  and  endosperm.    Characteristic  appearance  of  endosperm 
in  the  early  stages  of  embryonic  development    X  120. 

159.  Later  stage  in  the  development  of  embryo  and  endosperm.     X  3^- 

Cydanthera  explodens  (Pijltb  68). 

160.  Apex  of  young  nucellus  about  the  time  of  the  appearance  of  the 
archesporium.    X  440. 

j6i.  Spore-mother-cell  and  tapetum.    X  44^. 

162.  Showing  the  megaspore  and  its  position  with  reference  to  the  apex 
of  the  nucellus.    X  44o* 

163.  Bmbryo-sac  of  two  cells.    X  44o. 

164.  Bmbryo-sac  nearly  mature.    X  440* 

165.  Young  embryo-sac  and  endosperm.    X  44o* 

166.  Showing  form  of  ovule,  the  pollen-tube,  the  endosperm  and  the  per. 
tion  of  the  nucellus  disorganized.    X  40. 
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18-24.  FEVILLEA  CORDIFOLIA.     25-33.  MELOTHRTA  PENDULA. 
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34.  MELOTHRIA  PENDULA.     35-43a.  APODANTHERA  UNDULATA. 
44-49.  BRYONOPSIS  LACINIOSA. 
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50-51.  BRYONOPSIS  LACINIOSA.    52-62.  TRICHOSANTHES  ANGUINA. 
63-65.  MOMORDICA  CHARANTIA. 
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66.71.  MOMORDICA  CHARANTIA.  72-73.  LUFFA  ACUTANGULA. 
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74^1.  LUFFA  ACUTANGULA.     82-91.  CUCUMIS  MYRIOCARPUS. 
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92-93.  CUCUMIS  MYRIOCARPUS.     94-107.  LAGENARIA  LAGENARIA. 
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124-126    CITRULLUS  CITRULLUS.     127-135-  CUCURBITA  PEPO. 
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136-138.  CUCURBITA  PEPO.     139-140.  COCCINIA  CORDIFOLIA. 
141-147.  SICYOS  ANGULATA. 


Digitized  by 


Google 


Digitized  by 


Google 


Bull.  N.  Y.  Bot.  Card.  Vol.  III.  Pl.  68. 


148-149;  152-155.  MICRAMPELIS  LOB  ATA.     160-166.  CYCLANTHERA  EXPLODENS. 
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590  House:   Nomenclature  of  Calonyction 

pedicels.  The  type  is  Calonyction  speciosum  Choisy,  *  which 
includes  at  least  the  Linnaean  species  Convolvulus  aculeatus  and 
C  muricatus.  The  revised  nomenclatorial  status,  therefore,  of 
the  two  species  under  consideration  may  be  presented  as  follows  : 

Calonyction  aculeatum  (L.)  comb.  nov. 

Convolvulus  aculeatus  L.  Sp.  PI.  155.    1753. 

Ipomoea  bona-nox  L.  Sp.  PI.  Ed.  2,  228.   1762.     In  part. — 

Jacq.  Hort.  Schoenb.  1 :   16.     1797. 
Convolvulus  latiflorus  Desr.  Encyc.  3:  537.      1790. 
Calonyction  speciosum  Choisy,  Mem.  Soc.  Phys.  Genev.  6 :  441. 
1833. — In  DC.  Prodr.  9:  345.  1845.     In  part,  excl.  vars. 
^  and  7-,  at  least. 
Calonyction  bona-nox  Boj.  Hort.  Maurit.   228.  1837. — Small, 

Fl.  S.  E.  U.  S.  961.     1903. 
Ipomoea  aculeata    Kuntze,    Rev.    Gen.    442.    1891. — Blume, 
Bijdr.  715.      1825  (according  to  Choisy  but  not  according 
to  Kuntze). — G.  Don,  Gen.  Syst.  4  :  270.     1838. 
Convolvulus  /oliis  cordatis,  caule  aculeato  L.  Hort.  Cliff.  496. 
Convolvulus  americanus,  subrotundis  foliis^  viticulis  spinosis 

Pluk.  Aim.  115. 
Convolvulus  maximuSf  caule  spinulis^  etc.  Sloane,  Jam.  55  ; 

Hist.  1:151. 
Smilax  aspera  Indiae  occidentalis  Bauh.  Pin.  296. 
Characterized  by  a  smooth  or  muricate,  high-twining  stem 
with  milk-like  sap  :  leaf-blades  glabrous,  ovate  or  suborbicular, 
5-15  cm.  long,  entire  or  variously  3-5-lobed,  acuminate,  cordate, 
of  a  thin,  somewhat  membranaceous  texture  :  peduncles  axillary, 
one-  to  several-flowered  ;  pedicels  becoming  much  thickened  in 
fruit :  sepals  appressed  to  the  corolla,  about  1.5  cm.  long,  all,  or 
at  least  the  outer,  with  infraterminal  tail-like  appendages :  corolla 
white,  nocturnal,  strictly  salverform,  tube  8-12  cm.  long,  limb 
6-10  cm.  broad:  capsules  ovoid,  2  cm.  high;  seeds  dark  brown 
or  nearly  black,  shining,  but  very  minutely  pubescent,  sometimes 
strongly  so. 

Type  locality  :  Tropical  America. 

Distribution  :  Florida  ;  western  Mexico  to  Central  and  South 
America ;  West  Indies  and  the  tropical  regions  of  the  Old  World. 


*  Choisy,  /.  f. 
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Illustrations  :  Pluk.  Aim.  pL  276.  f.  j  ;  Sloane,  Hist,  i :  //. 
p6,  /.  /  /  Jacq.  Hort.  Schoenb.  I :  //.  j6  ;  Cav.  Ic.  3 :  pL  joo  ; 
Gaertn.  Sem.  2  :  //.  134.,  /.  j  ;  Veil.  Fl.  Flum.  2  :  pL  34  ;  Bot. 
Repos.  6 :  //.  403  ;  Bot.  Mag.  //.  752 ;  Bot.  Reg.  //.  <?<Pp,  and 
//.  p/7. 

Among  the  many  sheets  examined  the  following  may  be  cited : 

Florida.  Newport,  Key  Largo,  Pollard,  Collins  &  Morris 
170,  1898.  Everglades,  west  of  Miami,  Small  &  Nash,  1901. 
Snapper  Creek,  south  of  Cocoanut  Grove,  Small  &  Nash,  1901. 
Miami,  Small  &  Carter  675,  1903;  A,  P,  Garber,  June,  1877; 
Britton  41  g,  1904.  Myers,  Lee  Co.,  A,  S,  Hitchcock  225  and 
226,  1900.  Steamboat  Key,  Tracy  678 g,  1900.  Eustis,  Lake 
Co.,  Nash  1333,  1894.     Jupiter  Inlet,  A.  H,  Curtiss  5543,  1895. 

Mexico.  Lower  California,  C  A,  Purpus  330,  1901.  Maleje, 
Lower  Calif,  Palmer  33,  1887.  Tres  Marias  Isl.,  Nelson  4269, 
1897.  Mazatlan,  W,  G.  Wright  1212,  1888.  Chapala,  Jalisco, 
Palmer  727,  1886.  Orizaba,  F,  Muller  3017,  1855.  Oaxaca, 
Holway  3735,  1899;  Chas,  L.  Smith  ^04,  1894.  Yucatan, 
Gaumer  330. 

West  Indies.  Matanzas,  Cuba,  Britton  &  Shafer  264  and 
5/7,  1903.  Pinar  del  Rio,  Cuba,  Palmer  &  Riley  637,  1900; 
Shafer  j-?p,  1903.  Cienequinta,  Santa  Clara,  Cuba,  Combs  716, 
1896.  Santiago,  Cuba,  Hamilton  6  and  p,  1902.  Porto  Rico, 
Mr,  &  Mrs.  A,  A,  Heller  373,  1 899. 

The  form  with  3-5-lobed  and  subhastate  leaf-blades  is  described 
as  var.  heterophylla  by  Kuntze,*  but  cannot  be  regarded  as  a  sub- 
species. 

Calonyction  album  (L.)  comb.  nov. 

Ipomoea  alba  L.  Sp.  PI.  161.      1753. 
Ipomoea  bona-nox  L.  Sp.  PI.  Ed.  2,  228.  1762.     In  part. 
Convolvvlvus  grandiflorus  L.  f  Suppl.  136.  1781. 
Ipomoea  longiflora  R.  Br.  Prodr.  1 :  484.      18 10. 
Calonyction  grdndiflorum  Choisy,  Mem.  Soc.  Phys.  Genev.  6 : 
442.     1833. — Conv.    Or.   60.    1834. — In   DC.   Prodr.  9: 
346.      1845. 
Calonyction  speciosum  var.  7  pubesceus  Choisy,  in  DC.  Prodr. 
9:  345'      1845- 

♦KunUe.     Rev.  Gen.  442.     1891. 
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692  House:   Nomenclature  of  Calonyction 

Munda  Valli  Rheede,  Mai.  ii :   103. 

Similar  to  C,  aculeatum.  The  stem  not  muricate,  but  covered 
with  a  thin,  whitish,  often  rough  or  pubescent  bark :  peduncles 
and  pedicels  very  stout :  leaf-blades  ovate,  deeply  cordate,  entire, 
acuminate,  of  a  thick  and  somewhat  coriaceous  texture,  prominently 
reticulate-veined  and  slightly  pubescent  beneath :  sepals  ovate, 
thick  and  coriaceous,  rounded  or  blunt  at  the  apex,  apparently 
never  appendaged :  corolla  larger  than  in  the  preceding  species, 
12-18  cm.  long,  the  limb  8-15  cm.  broad. 

Type  locality  :  Malabar. 

Distribution  :  Florida  Keys ;  Bahamas  and  St.  Vincent. 
Also  St.  Domingo  and  St.  Thomas  {^fide  Choisy).  Common  in 
the  tropics  of  India  and  the  East  Indies.  Perhaps  introduced 
into  America. 

IixusTRATiONS :  Rhecdc,  Mai.  11:  //.  jo;  Jacq.  Hort. 
Vind.  3 :  //.  6^. 

The  following  specimens  have  been  examined  from  North 
America  and  compared  with  old  world  specimens : 

Florida.  Elliotts  Key,  Small  &  Nash,  Nov.  6  and  7,  1901  ; 
N,  L,  Britton  ^78,  1904. 

Bahamas.  South  Cat  Cay,  Milhpaugh  24.16,  1904.  Rum 
Cay,  Coker  ^^5,  1903.  Salt  Cay,  New  Providence,  John  /.  &  Alice 
R.  Northrop  244,  1 890. 

St.  Vincent.     H,  H.  &  G,  IV,  Smith,  March,  1890. 

A  perplexing  array  of  synonymy  can  be  attached  to  each  of 
the  above  species,  but  no  attempt  will  be  made  to  assign  these 
numerous  names  at  the  present  time,  lest  mistakes  in  so  doing 
might  be  misleading  as  regards  the  identity  of  the  two  species 
above  described. 

National  Museum,  Washington,  D.  C. 
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The  Publications  of  the  Department  of  Botany,  Co- 
lambia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol  I.   Small.    A  Monograph  of  the  North  American  Species  of 
XhQ  Genus  Pofyg-orium.     Pp.178.    84  plates.     1895.    Price, 
sixdollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Poten- 
tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1 886- 1 892).  Out  of  print,  except  Nos.  6,  7, 
II,  13,17.  20,  21,  22,  24.  These  can  be  supplied  at  twenty 
five  cents  each,  except  No.  6,  which  is  one  dollar. 

Vol.  n.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32.  33,  34,  36, 
and  39  are  out  of  print ;  other  numbers  can  be  supplied  at 
twenty  five  cents  each,  except  No.  35,  which  is  one  dollar 
and  a  half. 

Vol.  III.  Nos.  51-75  {1894-1895).  Nos.  52,  54,  60,  and  72  are 
out  of  print ;  others  can  be  supplied  at  twenty  five  cents 
each. 

Vol.  IV.  Nos.  76-  100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  119  which  is  fifty  cents, 
and  No.  101  which  can  only  be  supplied  with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately';  other  numbers  twenty 
f\vc  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos  157  and  158,  with  the  set  of  nine  papers  by  Mr.  Bicknell  on  SisyrinMum, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  Univeksity,  Professor  of  Botany, 

New  York  city. 
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Genera 

Total 
Speciet 

Europe 

Asia 

Africa 

Temperate 
America 

Tropical 
America 

Common  to 

U.  S.  and 

Europe 

Fiiices. 

'^' 

Equisetum. 

6 

6 











Oncx:lea. 

I 



— 



I 





Ophioglossum. 

6 

2 

2 

— 



2 



OSMUNDA. 

17 

5 

I 

4 

8 



ACROSTICHUM. 

25 

5 

6 

3 

3 

10 



Pteris. 

19 

I 

3 

I 

15 



Blechnum. 

2 

— 

1 

— 

— 

I 



Hemionitis. 

2 









2 



LONCHITIS. 

3 

— 

— 





3 



Asplenium. 

20 

9 

2 

— 

I 

10 



POLYPOUIUM. 

58 

15 

9 

— 

5 

29 

2 

Adianium. 

15 

I  . 

3 

I 

I 

9 



Trichomanes. 

II 

2'- 

3 

2 



6 



Marsh  ea. 

2 

2 









PiLULARIA. 

I 

I 







~~" 

__ 

ISOEIES. 

I 

I 

— 

"~ 

— 

— 

JnUSCt, 

Lycopodium. 

24 

9 

7 

_ 

6 

4 

I 

Total. 

"3_ 

19_ 

37 

-  6 

J  22 

99 

3 

While  the  above  will  show  that  the  genera  outlined  by  Lin- 
naeus are  commonly  recognized  genera  of  to-day,  the  sense  in 
which  he  conceived  them  was  far  different  from  our  present  con- 
ception except  in  the  case  of  the  genera  Equisetum,  Onoclea, 
Blechnum,  and  Adiantum,  which  were  composed  wholly  of  species 
still  within  those  genera  as  now  accepted.  Ophioglossum,  based 
on  the  familiar  adder-tongue  fern  of  Europe,  which  had  been 
known  as  Ophioglossmn  vulgatum  at  least  since  the  publication 
of  Bauhin's  Pinax  (1671),  also  included  the  tropical  Cheiroglossa 
and  two  Asiatic  species  of  climbing  ferns  {Lygodium),  Osmunda 
was  still  more  of  a  mixture  and  included  nearly  everything  known 
to  Linnaeus  which  had  a  semblance  of  a  panicle,  although  the 
royal  flowering  fern  common  in  Europe  was  clearly  the  historic 
type  of  the  genus.  The  genus  Osmunda  of  Linnaeus  contained 
what  are  now  distributed  amoung  four  families  representing  two 
distinct  orders  of  plants,  viz.  :  Helminthostachys  and  two  species 
of  Botrychium  (Ophioglossaceae)  ;  four  species  of  Ornithopteris 
and  Anemia  (Schizaeaceae)  ;  four  species  of  Osmunda  proper 
(Osmundaceae),  one  species  each  in  Matteucda,  Struthiopteris, 
Olfersia,  and  Cryptogramma  (Polypodiaceae)  besides  one  tropi- 
cal American  species  not  yet  identified. 
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Acrostichum  as  outlined  by  Linnaeus  contained  ferns  having  the 
sporangia  scattered  in  a  layer  over  the  under  surface  of  the  leaf, 
and  in  separating  the  members  of  this  group,  he  did  not  distin- 
guish those  which  have  distinct  sori  when  young  which  later  be- 
come confluent.  Without  these  his  genus  formed  a  sufficiently 
unnatural  group,  containing  as  it  did  species  of  Sckizaea,  Da- 
naea^  Sienochlaena,  Ceratopteris,  Hymenodium^  and  Todea  in 
addition  to  Acrostichum  aurenm,  the  type  of  the  genus,  and  to 
these  were  added  Poly  podium  poly podioides,  Asplemum  piatyneuron, 
AspUttivm  septenirionaU^  Lorinseria  areolata,  Woodsia  Jheiisis 
and  Dryopteris  Thelypterts  by  way  of  variety,  together  with 
species  of  Notholaena^  Trismeria^  and  Ceropteris,  Should  anyone 
suppose  that  the  fern  system  of  the  miscalled  "  Father  of  Botany  " 
was  anything  but  crude  even  for  the  time  at  which  it  was  pro- 
posed, the  contemplation  of  this  array  of  misfits  should  serve  as 
convincing  evidence  to  the  contrary. 

The  genus  Pteris  in  the  Species  Piantarum  is  a  little  better 
although  it  contained  members  of  the  genera  ViUnria^  Notho- 
laefia,  Gymnopteris^  Dryopteris^  F^eridium^  Dicranopteris^  and 
Pellaea  as  now  recognized,  in  addition  to  species  which  still  help 
to  make  up  the  genus  Pteris  with  a  single  continuous  marginal 
indusium  and  free  veins.  Asplemum  was  a  somewhat  more 
natural  aggregate  commencing  with  the  single-leaved  species  of 
CamptosoruSy  Pkyllitis,  and  Thamnopttris,  and  passing  on  to 
Ceterach  and  the  more  divided  members  of  the  genus  Asplenium, 
now  distributed  among  several  genera  but,  with  perhaps  a  single 
exception,  all  members  of  the  tribe  Asplenieae  as  now  recognized. 
A  serious  relapse  occurred  again  in  Polypodium  which  included 
all  the  species  with  rounded  sori  whether  indusiate  or  not ;  be- 
sides representatives  of  the  various  genera  still  included  under 
Polypodium  in  certain  quarters,  Polypodium  of  Species  Piantarum 
contained  species  of  Tectaria^  Polystichum^  and  Phegopteris  to- 
gether with  Asplefiium  fontanwn,  A.  ftlix-foetnina,  several  species 
of  Dryopteris,  including  D,  filix-mas,  D.  cristata,  D.  Navcbota- 
censis,  and  D.  marginalis,  Filix  bulbifera  and  F,  fragilis,  Cibotivm 
Barometz,  Cyathea  arborca,  Hemitelia  horrida,  Alsophila  aspera, 
and  others  equally  diverse  in  chaiacter. 
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The  genus,  Trichomanes  whose  name  Linnaeus  transferred  from 
our  little  tuftqd  spleenwort  to  the  tropical  filmies,  included  some 
species  of  Hymenophyllum  and  at  least  one  Davcdlia.  Marsilea 
included  Sahnnia  uatans  and  MarsiUa  quadrtfolia^  now  recognized 
as  types  of  two  different  families  of  the  SalvitdaUs^  and  PUularia 
and  Is(*etes  were  monotypic,  each  including  the  more  common 
sp>ecies  of  northern  Europe. 

It  was  perhaps  natural  for  Lycopodium  with  narrow  leaves  to 
have  been  associated  with  the  leafy  mosses  under  Musci,  but  it 
was  strange  that  the  foliose  hepatics  with  the  single  exception  of 
Porella  should  have  been  placed  apart  under  Algae.  The  genus 
Lvcopodium  of  Species  Plantarum  contains  twelve  species  still  in- 
cluded under  the  genus,  together  with  Psilotum  nudum  and  eleven 
species  of  Selaginella, 

It  is  highly  improbable  that  Linnaeus  knew  many  of  the  pterido- 
phytes  which  he  arranged  in  this  work,  save  the  few  with  which 
he  was  familiar  in  northern  Europe.  By  far  the  greater  number 
of  his  species  were  compiled  from  books  and  his  only  knowledge 
came  from  the  more  or  less  accurate  illustrations  with  which  he 
was  familiar. 

The  apparently  undue  proportion  of  tropical  American  species 
was  due  to  the  early  works  of  Plumier  and  Sloane,  which  had 
been  copied  by  Petiver  and  probably  by  Plukenet  Sir  Hans 
Sloane  collected  extensively  in  Jamaica  toward  the  close  of  the 
seventeenth  century,  and  Charles  Plumier  collected  in  Santo  Do- 
mingo and  Martinique  at  about  the  same  time.  The  elaborate 
folio  works  of  these  two  early  writers  form  the  foundation  of  our 
knowledge  of  West  Indian  botany,  and  while  they  were  digested 
by  Linnaeus  only  in  part,  they  furnished  him  the  basis  for  his 
specigs  of  West  India  ferns.  Later  writers  have  traced  many 
additional  species  to  the  same  early  sources  that  Linnaeus  only 
skimmed,  but  did  not  fathom  or  comprehend. 

Linnaeus'  herbarium  was  probably  made,  at  least  in  great  part, 
after  the  publication  of  the  first  edition  of  Species  Plantarum,  and 
on  that  account  is  of  comparatively  little  value  for  the  determina- 
tion of  his  types.  It  is  preserved  at  London  in  the  rooms  of  the 
Linnaean  Society.    After  the  death  of  Linnaeus'  son,  the  collection 


Digitized  by 


Google 


149 

reverted  to  the  widow  of  Linnaeus  by  whom  it  was  sold  to  Sir  \ 
E.  Smith,  for  many  years  president  of  the  Linnaean  Society'. 
After  Smith's  death  it  was  purchased  with  other  collections  for 
the  Linnaean  Society  at  a  sum  that  almost  paralyzed  the  society 
for  a  quarter  of  a  century.  The  plants  are  in  an  excellent  state 
of  preservation  and  are  on  sheets  about  the  size  of  small  foolscap 
paper.  The  sheets  of  each  genus  are  protected  by  heavy  wrap- 
pers which  entirely  enclose  the  packets  ;  the  genera  are  systema- 
'tically  arranged  in  the  original  cases  in  which  Linnaeus  left  them, 
protected  by  clumsy  Swedish  locks,  and  these  cases  are  again 
placed  in  others  still  larger  with  glass  fronts  which  stand  in  thc 
assembly  room  of  the  Society. 

During  the  past  summer  we  examined  the  plants  of  the  genera 
Osmunda,  Acrostichum,  and  Polypodium  and  found  the  material 
scrappy,  often  consisting  of  mere  tips  of  leaves,  rarely  with  any 
rootstocks,  and  often  wholly  sterile.  Only  a  small  part  of  his 
species  are  represented  by  specimens  at  all,  and  those  that  are 
often  do  not  correspond  with  the  species  described  in  his  works. 
Two  instances  will  show  the  nature  of  the  discrepancies  : 

Under  Osmunda  Lunaria  ( =  Botrychium  iMnarid)  the  only 
plant  preserved  is  one  of  Botrychium  matricafiae. 

Under  Osmunda  Hpinnata,  a  West  Indian  species  described 
from  Plumier's  plate  which  represents  a  very  close  ally  of  Os- 
munda cinnamomea,  the  only  plant  is  one  of  Ornithopteris  cicu- 
taria  (Kze.),  a  plant  bearing  no  resemblance  to  Plumier's  plate ! 
Moore,  who  made  this  same  discovery,  promptly  transferred 
Anemia  cicutaria  Kze.  to  Anemia  bipinnata  (L.)  Moore  and  the 
name  was  as  promptly  adopted  in  Species  Filicum  at  Kew  for  this 
species,  a  proceeding  that  cannot  hold  for  manifest  reasons. 
The  types  of  Linnaeus  must  very  largely  depend  on  the  plates 
and  descriptions  of  the  early  writers  from  which  he  quoted.  Of 
these  there  are  twenty-seven  works  containing  descriptions  of 
extra-European  ferns  from  which  Linnaeus  made  citations,  to  say 
nothing  of  thirty-five  or  more  European  herbals  which  were  also 
cited.  Considering  the  number  of  ferns  named  by  Linnaeus,  his 
original  contribution  to  the  knowledge  of  them  was  very  limited, 
although  he  did  describe  a  few  species  from  plants  collected  by 
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Kalm  in  America  and  by  Osbeck  in  China,  and  he  must  ever 
plead  guilty  to  the  charge  of  needlessly  changing  names  already 
given  by  his  predecessors. 
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[Reprinted  from  Torreya,  Vol.  4,  No.  4,  April,  1904.] 


THE  EARLY  WRITERS  ON  FERNS  AND  THEIR 
COLLECTIONS— 11.     J.   E.  Smith,    1759-1828  ; 

SWARTZ,    1 760- 1 8 1 8  ;    WlLLDENOW,    1 76  $- 1 8 1  2 
By  L.  M.  Underwood 

Aside  from  minor  changes  in  the  genenc  arrangement  of  Lin- 
naeus *  and  occasional  additions  to  the  number  of  species  by 
various  writers,  notably  Thunberg,  Forskil,  Forster,  Lamarck, 
and  Cavanilles,  the  principal  generic  changes  as  well  as  the  more 
extensive  additions  to  fern  species  up  to  the  end  of  the  first 
decade  of  the  last  century  were  made  by  Smith,  Swartz,  and 
Willdenow.  Sir  James  Edward  Smith  is  not  to  be  confused  with 
the  less  eminent,  but  so  far  as  fern  lore  is  concerned,  more  dis- 
tinguished John  Smith  who  flourished  a  half  century  or  more 
later.  Smith  published  in  1793  an  important  paper  f  which  was 
one  of  the  first  attempts  at  a  natural  classification  of  ferns.  He 
established  the  genera  Woodwardia,  ViUaria,  Davallia,  Cyathea^ 
Hymenophyllum^  Gleichenia^  and  Danaea.  While  some  of  these, 
like   Cyathea.X  for  example,  were  highly  unnatural  groups,  the 

♦Theodor  Holm  (Torreya,  3:  187-188)  has  taken  exceptions  to  my  state- 
ment regarding  the  types  of  Linnaeus.  It  is  well  known  that  Linnaeus'  one-, 
line  descriptions  of  ferns  are  worthless,  and  in  many  cases  he  gives  only  citations. 
As  1  have  shown,  among  the  ferns  at  least,  his  types  are  equally  so,  and  Mr.  Holm 
says  even  worse  things  about  them.  There  is  therefore  nothing  left  on  which  to  de- 
pend for  identifying  his  t3rpes  but  his  citations  and,  on  these,  rational  interpreters  of 
Linnaeus  have  hitherto  depended  for  identifications.  If  now,  as  Mr.  Holm  avers, 
these  are  not  to  be  regarded  as  typical  of  his  species  but  merely  as  giving  <*  some 
idea  of  their  general  habit  or  aspect,''  Linnaeus  becomes  from  a  systematic  stand- 
point even  more  useless  than  we  have  given  him  credit  for  being. 

We  examined  the  specimen  preserved  under  Osmunda  Lunaria  in  herb.  Linnaeus 
last  summer  and  it  was  labeled  as  before  stated. 

fTentamen  Botanicum  de  Filicum  generibus  dorsiferarum.  Mem.  Acad.  Sd, 
Turin,  5  :  401-422.  //.  9.  1793  (also  sep.  pp.  22).  Smith  also  published  various 
articles  on  ferns  in  Rees'  Cyclopaedia,  which  was  published  between  1802  and  1819. 

X  Cyathea  besides  containing  three  genera  of  tree  ferns  as  now  understood  included 
also  two  of  our  delicate  bladder  ferns  [Fiiix)\ 
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generic  arrangement  was  far  in  advance  of  anything  that  pre- 
ceded it. 

Smith  was  president  of  the  Linnean  Society  (London)  for 
many  years  and  after  his  death  his  collection  was  purchased  by 
the  society,  at  whose  rooms  it  is  now  easily  accessible  for  exami- 
nation. The  plants  are  well  preserved,  but,  as  in  many  of  the 
.  early  collections,  many  ferns  are  represented  by  tips  of  leaves 
only  and  some  of  these  have  served  as  types  of  new  species. 

Olof  Swartz  issued  the  first  formal  enumeration  of  all  known 
ferns  in  his  Synopsis  Filicum  (1806)  and  presented  the  next 
general  conspectus  of  fern  genera.  In  this  and  previous  works 
he  described  a  large  number  of  species  and  established  the 
genera  Marattia,  Grammitis^  Aspidium,  Diplazium,  Lygodium, 
Botrychium,  Cheilanthes,  Anemia,  Moftria,  and  Psilotum,  His 
Synopsis  recognized  thirty-eight  genera  and  his  work  is  usually 
regarded  as  the  first  feal  datum-line  for  the  systematic  study  of 
ferns.  To  show  how  clearly  he  outlined  the  system  so  long 
familiar  to  fern  students  in  the  later  Synopsis  Filicum  of  Hooker 
and  Baker  (1868,  1874)  we  give  an  outline  of  his  classification  : 

I.     GYRATAE 
Soris  nudis 

AcROSTiCHUM  (46*),  Meniscium  (3),  Hemignitis  (8),  Gram- 
MiTis  (13),  Taenitis  (i),  Polypodium  (102). 

Soris  indusiatis 

ASPIDIUM    (93),  ASPLENIUM  (75),  CaENOPTERIS  (9),  SCOLOPEN- 

drium  (2),  dlplazium  (9),  lonchitis  (4),  pxeris  (79),  vlttaria 
(6),  Onoclea  (12),  Blechnum  (14),  Woodwardia  (8),  Lindsaea 

(14),  AdIANTUM  (32),  ChEILANTHES  (16),  DaVALLIA  (29),  DlCK- 

soNiA  (16),  Cyathea  (id),  Trichomanes  (21),  Hymenophyllum 

(28). 

II.    spurie  gyratae 
Capsulis  rimatis 
Schizaea  (6),   Lygodium  (ii),   Anemia    (17),  Mohria   (i), 

OSMUNDA     (6),     TODEA    (l),     MeRTENSIA      (7),    GlEICHENIA    (3), 

Angiopteris  (i). 

*The  numbers  in  parentheses  indicate  the  number  of  species  of  each  genus 
described  in  the  Synopsis. 
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III.     AGYRATAE 
Capsulis  multilocularibus 
Marattia  (4).  Danaea  ('2). 

Capsulis  bivalvibus 

OpHIOGLOSSUM  (9),  BOTRYCHIUM  (7). 

Besides  the  above  genera  Swartz  also  treated  under  the  Ly- 
copodineae.  the  genera  Lycopodium  (65),  Tmesipteris  (i),  and 
PSILOTUM  (2). 

Swartz*  work  is  of  special  importance  to  us  at  this  time  since 
many  of  his  species  were  based  on  collections  he  made  in  the 
West  Indies  when  he  visited  Jamaica  and  Haiti  in  the  years 
1784-1786.  His  collection,  which  we  have  not  yet  seen,  is  pref- 
served  at  the  Academy  of  Sciences  at  Stockholm  and  is  said 
to  be  in  a  most  excellent  state  of  preservation.  Various  writers 
on  West  Indian  ferns,  notably  Jenman,  have  referred  to  various 
types  of  Swartz  as  being  found  in  the  British  Museum.  It  is  true 
that  some  of  the  earlier  botanists  occasionally  distributed  their 
type  material  during  their  lifetime,  and  it  is  also  true  that  some 
specimens  of  ferns  came  to  the  British  Museum  from  Swartz,  but 
there  seems  to  be  no  warrant  or  at  least  no  certainty  that  any  of 
his  types  ever  came  there  :  in  fact  all  the  probabilities  are  against 
it,  and  his  types  must  be  sought  in  his  native  country.  Swartz 
also  published  shorter  papers  on  ferns,  the  last  being  published 
in  1 8 17,  only  a  year  before  his  death. 

The  next  enumeration  of  ferns  was  made  by  Willdenow  in 
18 10  *  in  the  fifth  volume  of  his  edition  of  Species  P/antarum, 
although  his  work  on  ferns  had  commenced  in  J  802  with  his 
publication  of  the  genera  Todea  and  Hydroglossum  {Lygodiutri) 
followed  in  1804  by  Mertensia,  and  in  1809  by  Struthiopteris  and 
Lomaria,  His  enumeration  included  43  genera  of  ferns  and 
1008  species,  enriched  by  the  collections  of  Humboldt  and  Bonp- 
land  in  meridional  America,  as  well  as  by  those  of  Bory  and 
others  mostly  described  here  as  new.     Willdenow's  collection  is 

*An  enumeration  of  the  known  ferns  was  commenced  by  Lamarck  in  the  Ency- 
clopidie  Mithodique  in  1 783  and  was  completed  by  Poiret  in  1808.  This  however 
contained  only  444  species  in  contrast  with  the  716  described  by  Swartz  in  1806, 
and  1008  described  by  Willdenow  in  1810. 
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maintained  by  itself  in  the  Kgl.  Bot  Museum  at  Berlin.  Each 
specimen  is  numbered  serially  and  all  is  thoroughly  indexed  so 
that  the  collection  is  more  readily  accessible  that  any  other  of 
the  historic  collections.  The  sheets  enclosed  in  covers  tied  with 
tape  after  the  usual  continental  method,  are  arranged  in  volumes 
of  convenient  size  and  stand  side  by  side  in  a  special  case  in  the 
room  used  until  recently  by  the  late  Professor  Schumann  for  a 
study.  The  sheets  are  a  trifle  larger  than  foolscap  paper  and  the 
plants  are  mostly  in  an  excellent  state  of  preservation.  There  is 
sometimes  a  little  doubt  about  his  ''  types  "  being  the  originals  on 
which  he  based  his  species,  as  he  is  said  at  times  to  have  given 
away  his  originals  in  those  species  of  which  he  afterwards  secured 
better  material.  Our  own  Muhlenberg  was*  a  correspondent  of 
Willdenow  so  that  his  collection  includes  many  species  from  the 
United  States. 
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THE    EARLY   WRITERS   ON   FERNS   AND   THEIR 
COLLECTIONS  — III.     W.  J.  Hooker,  1785-1865 

ByL.  M.  Underwood 

Following  the  period  of  J.  E.  Smith,  Swartz,  and  Willdenow, 
and  partly  contemporaneous  with  it,  were  two  or  three  men  of 
minor  rank  in  systematic  fern  study  and  yet  men  who  did  real 
and  lasting  work,  both  in  extending  the  genera  of  ferns  and  in 
describing  unknown  species.  Among  these  was  the  distinguished 
keeper  of  the  botanical  department  of  the  British  Museum,  Rob- 
ert Brown  (i 773-1 858)  whose  keen  understanding  of  generic 
relations  among  ferns  will  ever  cause  us  to  lament  that  his  pub- 
lications on  the  fern  system  were  so  limited  and  incomplete. 
Bory  de  St.  Vincent  (i  780-1 846)  also  published  a  number  of 
fern  genera  as  did  also  Link,  of  Berlin  (1767-185  i).  But  in  the 
extent  of  published  work,  all  of  these  were  surpassed  by  Des- 
vaux  (1 784-1 8 56)  professor  of  botany  at  Angers,  whose  syn- 
opsis (1827),  the  forerunner  of  modem  generic  limitations,  is  one 
of  the  too-often  neglected  but  valuable  works  of  the  fern  sys- 
tematist  of  to-day.  Desvaux's  diagnoses  are  unfortunately  too 
brief,  and  his  types  are  often  difficult  to  trace  in  the  Museum  of 
the  Jardin  des  Plantes,  but  his  views  were  usually  rational  and 
as  the  time  goes  on  his  species  will  be  found  to  compare  favor- 
ably with  those  established  by  others  of  this  period. 

In  order  better  to  orient  the  reader  with  regard  to  the  various 
periods  of  systematic  fern  study  we  append  the  following  chrono- 
logical table : 
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(In  the  above  table  the  entire  line  shows  the  life  period,  the 
solid  line  the  period  of  publication  on  ferns.) 
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It  is  to  England,  however,  that  we  must  look  for  the  greatest 
advance  in  the  systematic  study  of  ferns  during  the  second  quarter 
of  the  past  century.  W.  J.  Hooker,  afterwards  Sir  William, 
the  first  director  of  Kew  Gardens  after  Queen  Victoria  had 
opened  them  to  the  public,  and  father  of  the  present  Sir  Joseph, 
who  followed  his  father  in  that  important  post  in  1865,  was  born 
in  1785  and  thus  was  a  correspondent  in  touch  with  all  the 
earlier  writers  on  ferns  of  the  first  years  of  the  century. 

In  his  earlier  years  of  study.  Hooker  was  associated  with  R. 
K.  Greville,  the  distinguished  cryptogamic  botanist  of  Scotland, 
and  with  him  published  the  elaborate  folio  in  two  volumes,  Icones 
Filicum  (1831),  besides  one  or  two  preliminary  papers  on  ferns 
and  fern  allies.*  Greville's  influence  was  most  salutary  in  giving 
to  their  combined  studies  what  would  now  be  considered  a  more 
rational  view  of  the  limitation  and  distribution  of  species,  and  thus 
contrasts  most  strongly  with  the  narrowly  conservative  ideas  that 
dominated  all  the  later  writings  of  Sir  William  and  his  successors 
in  fern  study  at  Kew.  A  comparison  of  a  few  genera  will 
strongly  emphasize  this  statement. 


Species  recognized  by 
Hooker  &  Greville 

Species  included  in  the 

first  edition  of  Syncp- 

sis  Filicum,  xUA 

Species  of  the  Synopsis 

Genera 

published  subse- 

in 1833 

quently  to  1833 

Ophioglossum. 

18 

10 

2 

BOTRYCHIUM. 

14 

6 



Marattia. 

10 

7 

3 

Dan.«a. 

5 

II 

6 

Angiopteris. 

2 

I 



Osmunda. 

13 

6 

— 

TODEA. 

3 

4 

2 

The  appointment  of  Hooker  to  Kew  made  possible  several 
opportunities  which  served  to  advance  our  knowledge  of  ferns 
and  to  lay  the  foundations  at  that  herbarium  of  its  present  mag- 
nificent collection  of  ferns : 

I.  The  increased  exploration  of  distant  lands  made  possible 
by  the  relation  Kew  has  increasingly  maintained  towards  com- 
mercial importation  of  ornamental  plants  and  more  especially  by 

♦Greville  &  Hooker.  Enumeratio  Filicum  (I.  Lycopodineae).  Bot.  Miscellany, 
a:  560-403.  1831  ;  (II.  Ophioglosseae,  Marattiaceae,  Osmundaceae).  Bot.  Mis- 
cellany, 3 :  216-232.     1833.     This  work  was  unfortuDately  discontinued. 
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the  intimate  relations  early  established  with  the  extensive  system 
of  colonial  gardens  and  plantations  which  have  ended  in  these 
adjuncts  being  almost  wholly  manned  by  men  who  were  trained 
at  Kew. 

2.  The  increased  facilities  for  the  publication  of  extensive 
series  of  excellent  illustrations  of  ferns.  In  this  Hooker  was 
greatly  aided  by  the  painter,  Francis  Bauer,  to  whom  we  are  in- 
debted for  the  admirable  illustrations  in  Genera  Filicum^  and 
later  by  Mr.  W.  Fitch,  for  many  years  the  artist  of  Kew  Gardens. 

3.  By  the  selection  of  John  Smith  in  1841  as  the  curator  of 
Kew  Gardens,  whose  interest  in  fern  cultivation  resulted  not  only 
in  bringing  together  the  splendid  collection  of  living  ferns  now  in 
cultivation  at  that  garden,  but  early  laid  the  foundation  of  an 
elaborate  generic  system  of  ferns  far  more  philosophical  and 
rational  than  that  followed  by  Hooker  and  his  successors. 

Whatever  may  be  said  in  criticism  of  the  conservative  treat- 
ment of  fern  species  or  fern  genera  at  Kew,  no  words  can  suffi- 
ciently convey  the  appreciation  of  fern  students  of  every  subse- 
quent age  for  the  elaborate  and  accurate  illustrations,  the  magni- 
ficent fern  herbarium,  and  the  splendid  collection  of  living  ferns 
which  have  ever  been  available  for  study  with  a  characteristic 
and  open-hearted  generosity  that  could  not  be  exceeded. 

Hooker's  illustrated  publications  on  ferns  were  as  follows : 

1.  Icones  Filicum  (conjointly  with  Greville)  2  vols.  183 1. 
240  plates  (hand-colored  m  some  copies,  not  in  others). 

2.  Genera  Filicum  (conjointly  with  Bauer).  1842.  120  col- 
ored plates. 

3.  Species  Filicum.  1844- 1864.  5  volumes  of  text  and  304 
plates  (uncolored). 

4.  Garden  Ferns.      1852.     64  colored  plates. 

5.  A  Century  of  Ferns.  1854.  100  colored  plates.  (This 
was  a  reissue  of  volume  ten  of  Icones  Plantarum,  in  which  the 
plates  were  differently  numbered  and  were  uncolored). 

6.  Filices  Exotic ae.      1859.      lOO  colored  plates. 

7.  A  Second  Century  of  Ferns.      1861.      100  colored  plates. 

8.  British  Ferns.      186 1.     66  colored  plates. 

Besides  the  above  there  were  numerous  plates  of  ferns  scat- 
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tered  through  various  volumes  o{  Icones Plantarum^^  which  brings 
the  above  total  of  1074  plates  up  to  over  1200.  As  the  plates 
of  Genera  Filicunt  and  Species  Filicum  often  contain  two  or  more 
species,  the  total  number  of  ferns  illustrated  from  Kew  reaches 
nearly  sixteen  hundred  species. 

The  Kew  herbarium  of  ferns  is  by  far  the  largest  collection  in 
the  world  and  it  is  no  disparagement  to  the  other  great  collec- 
tions to  say  that  no  extensive  critical  systematic  work,  whether 
dealing  with  the  ferns  of  any  genus  or  of  any  country,  can  be 
reasonably  complete  without  consultation  of  this  famous  collec- 
tion. Some  of  our  distinguished  German  friends  are  respectfully 
urged  to  take  the  full  import  of  this  statement  to  heart.  There 
is  no  excuse  for  continental  botanists  longer  to  neglect  this 
obvious  duty. 

The  same  criticism  here  made  on  continental  botanists  of  the 
present  generation  could  have  applied  with  equal  force  to  Hooker 
himself.  Notwithstanding  his  wide  correspondence  with  bota- 
nists of  his  time,  there  was  obvious  failure  to  examine  the  types 
of  his  predecessors  in  fern  study,  and  justice  forces  us  to  add  an 
equal  failure  to  recognize  as  valid  too  much  of  the  work  of  many 
of  his  contemporaries.  Cases  are  not  wanting,  even,  where  errors 
could  have  been  easily  avoided  by  taking  the  trouble  to  consult 
types  no  farther  removed  from  Kew  than  the  rooms  of  the  Lin- 
naean  Society  in  London,  and  many  of  the  species  of  Hooker's 
contemporaries  were  either  discredited  without  being  seen,  or 
entirely  passed  over  in  silence.  In  the  cases  of  Fee,  Presl,  and 
Kunze,  this  was  specially  pronounced. 

Hooker's  work  ended  in  1865  while  he  was  bringing  through 
the  press  the  hand  manual  of  "all  known  ferns"  under  the  name 
of  Synopsis  Filicum^  which  was  completed  and  brought  through 
a  second  edition  by  his  successor  in  the  fern  herbarium.  In  this 
work  the  extreme  of  conservatism  is  reached  and  its  nearly  three 
thousand  species  will  expand  to  over  four  thousand  before  even 
the  ferns  of  the  great  Kew  herbarium  of  that  date  are  fully 
enumerated,  to  say  nothing  of  the  two  thousand  that  have  been 

♦Volume  17  of  Icones  Plantarum^  published  however  subsequently  to  Hooker's 
death,  was  devoted  entirely  to  fems. 
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since  described  and   the  many  that  were   overlooked   by  the 
authors  of  Synopsis  Filicum, 

Columbia  University,  October  5,  1904. 
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THE    EARLY   WRITERS    ON    FERNS    AND    THEIR 

COLLECTIONS  — IV.     Presl,  1794-1852;   John 

Smith,  1798-1888;  Fee,  1789-1874;  and 

Moore,  1821-1887 

By  L.  M.  Underwood 

The  real  enlargement  of  the  conception  of  fern  genera  com- 
menced with  Presl  and  continued  with  John  Smith,  Fee  and 
Moore,  who  were  the  generic  •*  splitters"  in  this  group  of  plants. 
The  form  of  the  sporangium  had  early  served  to  distinguish 
families,  and  genera  were  characterized  by  the  varied  distribu- 
tion of  the  sporangia  over  the  leaf-surface,  combined  with  the 
shape  of  the  indusium.  Under  this  method  of  distinguishing 
genera  Swartz  had  recognized  38  genera  in  1806,  and  Willdenow 
43  in  1810  ;  Desvaux,  more  liberal,  recognized  70  in  1827,  and 
Sprengel  the  same  year  found  only  66.  These  numbers  were 
nearly  up  to  the  Hookeiian  standard,  for  in  the  Synopsis  Filicum 
of  1874  only  76  genera  were  recognized  for  the  orders  Ophio- 
glossales,  Marattiales,  and  Filicales.  Contrasted  with  these  num- 
bers, the  above-named  writers  increased  the  number  of  fern  genera 
as  follows  : 

Presl,  232  genera. 

John  Smith,  220  genera. 

F6e,  181  genera  ( Polypodiaceae,  only). 

Moore,  176  genera. 

Karel  Boriwog  Presl  (1794-1852),  a  native  of  Bohemia,  com- 
menced publication  among  the  ferns  in  the  Deliciae  Pragenses 
(1822)  and  the  Reliquiae  Haenkeanae  (1825  *)  in  which  he  de- 
scribed numerous  species  from  Brazil,  Mexico,  Peru,  and  the 
Philippines.     Then  followed  his  first  publication  on  genera  in  his 

*The  date  on  the  title  page  of  the  first  volume  is  1830,  but  the  work  was  pub- 
lished in  parts,  the  parts  containing  the  ferns  in  1825. 
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lentamen  Pteridographiae  (1836)  in  which  he  recognized  116 
genera  in  the  Polypodiaceae  and  Cyatheaceae.  This  was  fol- 
lowed in  1843  by  his  Hymcnophyllaceae  and  in  1845  by  his  Sup- 
plemcnhim  Tentamhiis  Pteridographiae,  which  treated  the  remain- 
ing families.  In  the  former  work  many  new  species  were  de- 
scribed and  the  Supplementum  was  a  monograph  of  the  families 
Ophioglossaceae,  Marattiaceae,  Osmundaceae,  and  Schizaeaceae. 
His  later  works  were  Die  Gefassbi'mdel  im  Stipes  der  Fai-rn  (1847) 
and  Epimeliae  Botanicae  (1849),  ^^  which,  besides  describing 
many  new  species,  he  established  68  additional  genera,  bringing 
the  total  number  recognized  by  him  to  232.  Presl  was  among 
the  first  to  recognize  the  distribution  of  the  fibro-vascular  system 
both  in  the  stem  and  in  the  leaf  as  having  primary  importance  in 
the  matter  of  relationship  among  ferns,  and  after  Robert  Brown, 
was  the  first  really  to  look  upon  a  genus  of  ferns  as  a  natural 
group  of  closely  allied  organisms,  instead  of  a  loose  assemblage 
of  organisms  whose  superficial  and  accidental  characters  brought 
them  under  a  cut  and  dried  definition  based  on  artificial 
resemblances. 

Such  unnatural  and  unholy  alliances  as  the  groups  of  species 
still  included  in  Gymnogramme ,  Acrostichum^  Polypodium,  and 
Davallia  in  the  Synopsis  Filicum  of  Hooker  and  Baker,  were 
separated  by  Presl  into  much  more  natural  groups,  and  while  he 
made  errors,  as  might  be  expected  in  a  pioneer,  his  system  is  in 
many  respects  the  most  logical  single  system  that  has  yet 
appeared. 

Presl's  collection  of  ferns  is  in  the  botanical  museum  of  the 
German  University  of  Prague,  although  some  of  his  types  are  at 
Vienna.  The  collection  lies  in  its  original  sheets,  dust-covered, 
unmounted,  and  unmolested.  When  we  visited  the  collection  in 
1903  it  was  even  impossible  to  consult  any  of  Presl's  voluminous 
writings  on  ferns  in  connection  with  his  collection,  for  the  simple 
reason  that  the  extensive  botanical  laboratory  in  Prague  did  not 
possess  them.  With  the  single  exception  of  a  solitary  note  by 
Al.  Braun  there  was  little  to  show  that  any  one  else  had  ever  con- 
sulted the  collection  since  Presl's  death,  and  yet  the  collection, 
next  to  those  at  Kew,  Berlin,  and  Paris,  is  probably  the  most  im- 
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portant,  abounding  in  novelties  and  rich  in  the  types  of  PresI,  for 
he  published  no  less  than  four  hundred  species  of  pteridophytes. 

John  Smith  (1798- 1888)  was  the  curator  of  the  Kew  Gardens 
who  built  up  the  splendid  collection  of  living  ferns  at  that  estab- 
lishment. He  knew  ferns  in  cultivation  better  than  any  man 
before  or  since  his  time,  and  the  genera  he  established  were 
founded  largely  on  habital  characters  which  in  great  measure 
were  dependent  on  the  fibro-vascular  system,  whose  importance 
in  taxonomy  he  also  clearly  recognized.  Besides  publishing  an 
enumeration  of  the  ferns  of  the  Philippines,  Smith  early  published 
an  outline  of  his  system  of  fern  classification  in  Hooker's  Journal 
of  Botany  {^\  38-70;  147-198.  1842)  and  afterwards  developed 
it  in  his  later  publications  (i)  Cultivated  Ferns  (1857),  (2)  Ferns 
British  and  Foreign  (1866,  2d  ed.  1877)  and  (3)  Historia  Fili- 
cum  (1875),  in  which  he  also  reviewed  other  systems. 

Smith's  collection  is  at  the  British  Museum  and  is  interesting 
as  the  work  of  a  horticulturist,  which  like  that  of  a  pure  morphol- 
ogist  shows  underestimation  of  the  value  of  a  herbarium  speci- 
men. As  Smith  described  comparatively  few  species,  his  collec- 
tion contains  few  types. 

Antoine  Laurent  Apollinaire  Fee  (i  789-1 874)  was  professor 
at  Strasbourg  so  long  as  that  city  formed  a  part  of  France.  His 
publications  on  ferns  consist  mainly  (i)  of  eleven  memoirs  on 
ferns,  the  first  four  in  folio  monographing  Antrophyum,  Vittaria, 
and  Acrostichum  ;  the  others  are  in  quarto  form  and  comprise 
Genera  Filicum  (Memoir  5),  descriptions  of  new  species  from 
various  parts  of  the  world  (memoirs  6,  7,  8,  and  10),  a  list  of  ferns 
of  Mexico  (Memoir  9),  and  a  similar  but  more  pretentious  list  of 
the  ferns  and  lycopods  of  the  Antilles  (Memoir  11);  and  (2) 
Cryptogames  vasculaires  du  Bresil  (1869),  with  Supplement 
(1872-73)  similarly  in  quarto  and  like  the  memoirs  admirably 
illustrated  with  lithographic  plates.  These  two  series  contain  a 
total  of  285  quarto  or  folio  plates  and  illustrate  about  eight  hun- 
dred species  of  ferns. 

Fee's  collection  of  ferns  once  belonged  to  Dom  Pedro  H  of 
Brazil,  and  after  the  death  of  that  unfortunate  monarch  became 
the  property  of  M.  Cosson  in  Paris,  in  whose  admirable  herbarium 
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it  is  now  incorporated.  Fee's  species  are  largely  valid  ones,  but 
his  work  has  been  discredited  by  the  Hookerian  school  mostly 
without  having  seen  Fee's  types.  With  Paris  as  near  London 
as  Washington  is  near  New  York,  this  condition  of  affairs  is  posi- 
tively inexplicable,  and  absolutely  without  excuse. 

Thomas  Moore  (1821-1887)  commenced  the  publication  of  an 
admirable  Index  Filicum  in  1857-63,  which  contained  his  fern 
system  (pp.  ix-clxii,  //.  i-S^),  and  commenced  an  alphabetical 
enumeration  of  ferns  and  their  synonyms  (pp.  1-396).  Publica- 
tion unfortunately  stopped  in  the  middle  of  the  letter  G.  The 
MSS.  of  the  remainder  is  preserved  at  Kew  with  Moore's  exten- 
sive herbarium,  the  latter  containing  a  number  of  types  of  species 
published  largely  in  the  Gardeners'  Chronicle.  Many  have  asked. 
Why  should  this  not  be  published  now  ?  There  are  many  reas- 
ons, and  among  them  either  one  of  two  should  decide  the  ques- 
tion in  the  negative,  (i)  Over  three  thousand  species  of  ferns 
have  been  published  since  Moore's  publication  ceased.  It  would 
therefore  contain  less  than  half  of  the  known  species  of  ferns  and 
so  would  be  notoriously  incomplete.  (2)  In  Moore's  time  the 
idea  of  type  localities  had  not  become  so  all-important  in  the 
matter  of  systematic  study  of  ferns  as  it  has  at  the  present  time. 
No  index  can  be  regarded  adequate  for  modern  use  that  does 
not  give,  in  addition  to  its  citation,  the  type  locality,  /.  c\,  the 
source  from  which  the  species  was  first  described. 

This  brief  series  of  papers  would  be  incomplete  did  we  not  refer 
to  one  other  distinguished  fern  student,  Georg  Heinrich  Mettenius, 
( 1 823-1 866)  for  many  years  professor  at  Leipzig.  Besides  various 
enumerations  of  the  ferns  of  various  countries  like  Colombia  and 
New  Caledonia,  Mettenius  published  (i)  his  Filiccs  Horti  Botanici 
Lipsicnsis  ( 1856),  in  which  he  early  outlined  his  rather  conservative 
classification,  as  he  recognized  only  72  genera,  and,  (2)  a  series  of 
monographs  of  various  genera  :  PJicgophris,  Chcila?tlhcSy  Polypo- 
dinni,  Aspidiuift,  and  Asplcnium,  in  his  Ucbcr  cinigc  Farngat- 
tiiugcu.  After  the  untimely  death  of  Mettenius,  Kuhn,  another 
brilliant  but  short-lived  German  pteridologist,  published  the  Rcli- 
quiac  Mittcnianac  (Linnaea,  35:  385-394.  1868;  36:  41-169. 
1S69),  in  which   some  species  were  unfortunately  published  of 
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which  only  imperfect  material  is  in  existence,  some  indeed  that 
Mettenius  would  certainly  never  have  published  on  such  meager 
data.  Mettenius*  collection  is  now  incorporated  with  the  general 
collection  of  ferns  at  Berlin,  which  is  next  to  Kew  the  most  exten- 
sive in  the  world. 

Other  centers  of  interesting  fern  collections  in  Europe  are  those 
of  Copenhagen  with  Liebmann's  Mexican  species ;  Munich,  with 
Martius*  Brazilian  series ;  Leipzig,  with  Kunze's  collection ;  and 
lastly  Madrid  with  the  collection  of  Cavanilles.  Before  our  fern 
system  has  been  completed  all  these  and  the  others  discussed  in 
this  series  of  papers  must  be  studied  comparatively  from  the 
standpoint  of  type  specimens. 
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The  Publications  of  the  Department  of  Botany ^  Co- 
lumbia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Species  of 

the  Genus  Polygonum.     Pp.  178.    84  plates.    1895.    Price, 

six  dollars. 
Vol.  II.   Rydberg.    A  Monograph  of  the  North  American  Poten- 

tilleae.     Pp.224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  I-2S  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1 894-1 895).  Nos.  50,  52,  54.  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1895-1896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897)  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifty  cents, 
and  Nos.  loi,  109.  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Fivedollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers. twenty  five  cents, except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  15 1- 1 75  (1 898- 1 901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

♦  Nos   157  and  158,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  Sisyrinchium, 

can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany, 

New   York  city. 
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106  Harper  :   Observations  on  Taxodium 

name  of  the  Lafayette  formation  in  Georgia  and  some  other  states 
is  probably  divisible  into  two  or  three  different  horizons.  One  of 
these  may  be  the  Grand  Gulf,  which  has  recently  been  a  sub- 
ject of  considerable  controversy.*  Until  geologists  have  settled 
this  point  among  themselves  I  can  make  no  satisfactory  correc- 
tions in  this  respect.  However,  when  the  whole  truth  is  known 
these  two  species  of  Taxodium  will  surely  be  found  to  stand 
always  in  some  such  relation  to  the  superficial  formations  as  I 
have  already  indicated,  whether  my  present  identification  of  these 
formations  is  correct  or  not. 

It  is  absolutely  certain  though  that  Taxodium  distichum  grows 


Figure  i.  Taxodium  distichum  growing  on  Lower  Oligocene  rocks  on  right  bank 
of  Flint  River,  Sumter  County.     July  5,  1902. 

directly  on  the  underlying  rocks  of  the  coastal  plain,  as  I  had 
excellent  opportunity  to  observe  on  the  Flint  River  east  of  Amer- 
icus  in  July,  1902,  when  the  water  was  unusually  low  for  that 
time  of  year  {sqq  figure  /).  And  similar  conditions  have  doubt- 
less existed  for  thousands  of  years,  for  according  to  Bibbins  t  fos- 

*  For  a  discussion  of  the  nomenclature,  relationships  and  distribution  of  this  for- 
mation the  reader  is  referred  to  the  following  papers  in  Science  (new  series),  all  en- 
titled **  The  Grand  Gulf  Formation  "  :  —  Smith  &  Aldrich,  16  :  835-837.  November 
21,  1902;  Dall,  16:946,947.  December  12,  1902;  Smith  &  Aldrich,  18:20-26. 
July  3,  1903  ;  Dall,  18  :  83-85.  July  17,  1903  ;  Hilgard,  18  :  180-182.  August  7, 
1903- — See  also  Dall,  Trans.  Wagner  Free  Inst.  Sci.  3  :  1561-1564.     1903. 

t  Plant  World  i  :  164-166.     August,  1898. 
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sil  cypress  stumps  have  been  found  on  the  shores  of  Chesapeake 
Bay  with  their  roots  imbedded  in  Cretaceous  strata.  It  was  at 
first  supposed  that  the  stumps  themselves  were  of  Cretaceous  age, 
but  subsequent  investigations  by  the  same  author  and  Dr.  Hollick 
have  shown  that  the  trees  grew  in  Pleistocene  times,  sending  their 
roots  down  into  the  Cretaceous  strata  on  which  they  stood,  and 
the  stumps  have  been  preserved  in  situ. 

The  actual  contact  of  T,  imbricarium  with  the  Lafayette  for- 
mation (or  what  passes  for  it)  has  not  yet  been  observed,  and 
could  hardly  be  without  having  special  excavations  made  for  the 
purpose,  but  I  have  often  seen  this  formation  exposed  (particularly 
in  railroad  cuts)  within  a  few  yards  of  colonies  of  this  tree. 

The  relations  of  the  two  species  under  consideration  to  the 
geological  formations  are  well  illustrated  at  Bull  Head  Bluff  on 
the  Satilla  River  in  Camden  County,  Georgia,  which  I  visited  in 
August,  1902.  The  bluff  is  about  eight  feet  high,  and  exhibits 
the  following  section,  in  descending  order :  Two  feet  of  Colum- 
bia sand,  five  feet  of  reddish  clay  (Lafayette  ?),  and  about  a  foot 
of  stiff  bluish  clay  (doubtless  Tertiary,  but  exact  age  unknown). 
Typical  Taxodium  distichum  grows  here  along  the  water's  edge, 
below  the  Lafayette,  while  a  hundred  yards  or  so  away  from  the 
river  equally  typical  T.  imbricarium  flourishes  in  moist  pine-bar- 
rens. 

Ecologists  have  had  a  good  deal  to  say  recently  about  drained 
and  undrained  swamps,  and  the  remarkable  differences  in  their 
flora.  If  they  would  examine  the  habitats  of  the  two  taxodiums 
they  would  find  that  T.- distichum  always  grows  in  "drained" 
swamps,  and  T,  imbricarium  usually  in  ponds,  which  are  of  course 
"  undrained."  In  the  Southeastern  States,  as  in  other  parts  of 
the  country,  there  are  very  few  species  common  to  both  habitats. 
In  their  relation  to  limestone  the  taxodiums  are  equally  distinct, 
T.  distichum  being  essentially  a  limestone- loving  species  and  7". 
imbricarium }ust  the  opposite.  (The  latter  often,  perhaps  always, 
grows  over  limestone,  but  never  in  contact  with  it,  some  more 
recent  formation  always  intervening.) 

There  are  also  some  additional  morphological  characters  which 
1  overlooked  before,  by  which  the  two  species  under  consideration 
may  be  distinguished.     In  Washington  in  the  spring  of  1902  my 
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attention  was  called  by  Dr.  J.  N.  Rose  to  a  difference  in  the  bark 
of  cultivated  specimens,  that  of  T,  iinbricarium  (cultivated  there 
under  the  name  of  Glyptostrobus)  being  considerably  thicker  and 
more  coarsely  ridged  than  that  of  T.  distichum.  On  my  return  to 
the  field  I  soon  found  that  the  same  was  a  constant  and  well-defined 
character  of  the  wild  trees,  and  it  h^s  since  been  of  considerable 
assistance  to  me  in  studying  their  distribution,  particularly  in  the 
winter  months  when  the  leaves  were  fallen. 

There  is  also  a  marked  difference  in  the  knees,  those  of  T,  im- 
bricarium  being  short  and  rounded,  often  almost  hemispherical, 
while  those  of  T.  distichum  are  usually  slender  and  acute,  some- 
times reaching  a  height  of  six  feet  (in  the  Suwannee  River  in 
Clinch  County,  for  instance).  The  latter  species  seems  to  produce 
Iknees  much  more  abundantly,  Elliott's  opinion  to  the  contrary 
Tiotwithstanding.  In  both  species  the  height  of  the  knees  and 
that  of  the  enlarged  base  of  the  trunk  usually  indicates  the  maxi- 
jTium  level  of  the  water  in  which  they  grow,*  with  the  exceptions 
that  in  deep  ponds  the  knees  of  T,  iinbricarium  are  entirely  sub- 
anerged  or  perhaps  wanting,  and  in  many  creek  swamps  those  of 
T,  distichum  are  very  small  and  do  not  grow  as  high  as  the  en- 
largement of  the  trunk.  In  May,  1904,  I  saw  in  the  pine-barrens 
near  Douglas,  Georgia,  in  a  place  which  had  once  been  a  small 
mill-pond,  some  saplings  of  7!  imbricarium  with  trunks  perceptibly 
enlarged  up  to  about  six  feet  from  the  ground,  which  was  just  the 
height  of  the  dam.  In  cultivation,  where  they  are  never  inun- 
dated, it  has  been  my  observation  that  each  species  produces  a 
slight  but  characteristic  enlargement  of  the  trunk.  (The  speci- 
mens on  the  grounds  of  the  Smithsonian  Institution  and  Depart- 
ment of  Agriculture  in  Washington  are  good  examples.)  This 
does  not  agree  with  the  recently  published  observations  of  Dr.  S. 
M.  Coulter.f  In  wet  pine-barrens,  where  there  is  likewise  no 
inundation,  the  enlargement  of  the  base  of  T,  imbricarium,  though 
insignificant  compared  with  what  it  is  in  ponds,  is  always  present 
{ste.  figure  4),  In  any  one  stream  or  pond  the  enlarged  bases  are 
all  the  same  height,  regardless  of  the  size  of  the  tree. 


*  This  was  noted  in  the  case  of  T.  distichum  by  Dickeson  and  Brown  in  a  paper  on 
the  cjrpress  timber  of  Mississippi  and  Louisiana,  in  1848  (Am.  Jour.  Sci.  II.  5  :  15-22). 
tRep.  Mo.  Bot.  Gard.  15:  59.//.  13-18.     1904. 
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Figure  2.  Taxodium  imhricarium  in  a  shallow  pine-barren  |x>nd  in  Coffee  County. 
July  2 1,  1902.  Note  the  rounded  knees  and  the  very  abrupt  enlargement  of  the  trunks. 
The  water-level  in  this  pond  probably  does  not  vary  more  than  a  foot  or  two. 


Figure  3.    Taxodium  imbricarium  \n  FIv.ure  4.    Tuxod  um  imhricarium  m 

Twenty  Mile  Creek,  Coffee  County.     Sept.  wet   pine-barrens    near    Douglas,    Coffee 

24,    I9a'>.      Note    the    greatly    enlarged  County.     Base  of  trunk  not  conspicuously 

base  of  the  trunk  and  its  broad  rounded  enlarged.       Several   specimens  of  Pinus 

ri  Igcs.  Elliottii  in  background.     Feb.  3,  1904. 
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An  examination  last  winter  of  some  specimens  of  7!  imbri- 
cariunt  which  had  been  felled,  showed  the  structure  of  the  base  of 
the  trunk  in  cross-section.  The  broad  longitudinal  ridges  of  wood 
become  pressed  against  each  other  as  they  grow,  closing  the 
sinuses  between  them  (as  shown  in  the  accompanying  diagrams), 
while  in  T,  distickutn  the  sinuses  are  open  and  rounded  and  the 
ridges  rather  sharp.  Ericaceous  shrubs  (such  as  Pieris  nitida  and 
Leucothoe  racemosa),  growing  close  to  the  base  of  such  a  tree, 
often  have  their  stems  caught  in  the  embrace  of  the  swelling 
ridges  and  then  appear  as  if  growing  out  of  the  Taxodium  above 
the  ground.  The  climbing  habit  of  Pieris  phillyreaefolia'^  may 
have  originated  in  some  such  way.  In  both  species  the  base 
seems  to  be  always  hollow  in  old  specimens,  and  knees  often 
grow  inside  it. 


Figure  5.  Ideal  cross-sections  of  hollow  enlarged  base  of  trunk  oiTaxodium  imbri- 
carium  (<j)  and  T,  distUhum  {b).  (The  annual  rings  in  reality  would  be  ten  to  fifty 
times  as  numerous  as  they  are  shown  here. ) 

Another  distinction  (though  rather  a  subtle  one)  between  these 
two  species  is  that  in  T,  distichum  the  trunk  is  straight  but  not 
always  erect,  while  in  T,  imhicarium  it  is  erect  but  not  always 
straight. 

The  following  additional  notes  on  the  distribution  of  the  two 
southeastern  species  may  be  of  interest. 

Taxodium  distichum 
In  Georgia  the  inland  limit  of  this  species  reaches  the  fall-line 
at  the  eastern  border  of  the  state,  but*  diverges  widely  from  it  west- 
ward, following  approximately  the  outcrop  of  the  Eocene  forma- 

*See  Torreya  3  :  21,  22.     February,  1903. 
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tions.  On  the  Savannah  River  it  ascends  just  to  Augusta  ;  on  the 
Ogeechee  and  its  tributaries  it  terminates  somewhere  between 
Louisville  in  Jefferson  County  and  the  Augusta  Southern  R.  R. 
in  Glascock ;  on  the  Oconee  it  is  common  in  Laurens  and  Mont- 
gomery Counties,  but  terminates  at  or  near  the  Central  R.  R. 
bridge  in  Washington  and  Wilkinson ;  on  the  Ocmulgee  it  ascends 
to  Twiggs  and  Houston  Counties ;  on  the  Flint  to  Macon  County 
(I  am  told),  but  not  quite  to  the  twin  cities  of  Oglethorpe  and 
Montezuma ;  and  on  the  Chattahoochee  I  have  seen  it  only  in 
Early  County  near  Saffold,  though  it  grows  in  low  grounds  near 
the  river  at  Columbia,  Alabama,  several  miles  farther  up.  On  the 
smaller  rivers  which  rise  below  the  fall  line  (and  are  therefore  not 
muddy),  it  ascends  the  Satilla  to  Bull  Head  Bluff  or  beyond,  the 
St.  Mary's  nearly  to  its  head  at  the  southeastern  corner  of  Okefin- 
okee  Swamp,  the  Withlacoochee  to  Lowndes  County,  and  the 
Ochlocknee  to  Moultrie.  (It  is  mostly  in  some  of  these  smaller 
rivers,  such  as  the  Canoochee,  Ohoopee,  Satilla,  Suwannee,  AUa- 
paha  and  Withlacoochee,  that  the  puzzling  intermediate  forms 
occur.)  Near  the  coast,  in  the  counties  of  Glynn  and  Camden  in 
Georgia  and  Nassau  in  Florida,  this  species  occurs  away  from  the 
rivers  in  numerous  extensive  swamps,  the  character  of  whose  flora 
points  strongly  to  the  absence  of  the  Lafayette  formation. 

Its  most  frequent  associates  in  Georgia  are  Hicoria  aquatica^ 
Planera  aquatica,  and  Nyssa  aquatica  (N.  uniflord). 

Dr.  R.  Ellsworth  Call*  has  published  some  interesting  notes 
on  the  occurrence  of  Taxodium  distichum  in  eastern  Arkansas,  in 
which  he  says  among  other  things  :  "From  the  top  of  Crowley's 
Ridge,  looking  either  to  the  east  or  the  west,  at  those  points  which 
command  the  valleys  of  the  St.  Francis  and  the  Cache,  the  cypress 
areas  can  be  readily  made  out  by  the  observer.  The  tops  of  the 
giant  trees  tower  far  above  the  heads  of  the  intervening  forests  and 
give  one  the  location  of  the  swamps  for  hundreds  of  square  miles." 

Some  outlying  stations  for  this  species  in  the  Edwards  Plateau 
of  Texas  (which  includes  Kerrville,  mentioned  in  my  previous  paper) 
have  been  described  by  Hill  and  Vaughan,  f  who  say  in  part : 
^*  The  occurrence  of  the  cypress  is  a  peculiar  anomaly.    This  tree, 

♦Rep.  Gcol.  Surv.  Ark.  1889*:  198-200.     1891. 
fAon.  Rep.  U.  S.  Geol.  Surv.  18':  210,  211.     1898. 
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which  ordinarily  grows  only  in  the  swamps  and  bayous  of  the  low 
subcoastal  regions,  attains  an  enormous  size  at  the  edge  of  the 
deeper  holes  near  the  heads  of  permanent  water  of  the  Pedemales 
.  .  .  and  other  streams.  These  localities  are  at  altitudes  from 
I, GOO  to  1,750  feet  above  the  sea,  hundreds  of  miles  west  of  the 
great  cypress  swamps  of  the  eastern  tier  of  Texan  counties,  with 
which  they  have  no  possible  continuity.*'  (See  also  Bray,  U.  S. 
Dept.  Agric,  Bureau  of  Forestry  Bull.  47  :   53  ;  49:  16.     1904.) 

Taxodium  imbricarium 

This  species  is  very  abundant  in  the  coastal  plain  of  Georgia, 
where  I  have  seen  it  in  every  county  in  which  Oligocene  or  later 
rocks  occur,  /.  ^.,  from  the  inland  edge  of  the  pine-barrens  to 
Florida  and  the  coast.  On  the  way  to  Georgia  in  1903  I  saw  it 
in  Moore  County,  N.  C,  near  the  fall-line,*  and  in  Hampton 
County,  S.  C.  It  is  common  in  Nassau  and  Baker  Counties  in 
Florida,  but  no  data  are  yet  available  as  to  its  southern  limit  in 
that  state. 

Outside  of  the  pine-barrens  in  Georgia  there  are  several  out- 
lying stations  for  it,  where  it  grows  in  shallow  ponds.  These  have 
been  noted  as  follows :  In  Richmond  County  between  Adam  and 
Adventure,  in  Jefferson  near  Wadley,  in  Washington  near  Sanders- 
ville,  in  Taylor  near  Reynolds,  and  in  Terrell  between  Bronwood 
and  Dawson.  All  these  localities,  according  to  the  best  informa- 
tion at  present  obtainable,  seem  to  be  underlaid  by  rocks  of  the 
Claibornian  division  of  the  Eocene.  The  Taylor  County  station 
is  of  interest  as  being  the  farthest  inland,  and  most  remote  from 
the  pine- barrens.  At  this  point  the  Taxodium  is  in  imminent  dan- 
ger of  extinction,  most  of  the  trees  having  been  already  cut  and 
used  up  (it  being  apparently  the  only  cypress  pond  known  in  the 
vicinity),  and  few  if  any  young  trees  were  seen.  The  principal 
vegetation  of  this  pond  is  Liquidambar,  with  a  few  Crataegus 
aestivalis  bushes. 

Toward  the  coast  Taxodium  imbricarium  extends  nearly  to 
Brunswick,  within  two  or  three  miles  of  salt  water  and  not  over 
ten  miles  from  the  open  ocean.  There  its  habitat  and  associates 
are  much  the  same  as  they  are  fifty  or  a  hundred  miles  inland. 

*  See  Torreya  3  :  123.     August,  1903. 
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This  turns  out  to  be  the  predominating  tree  in  Okefinokee 
Swamp,  as  already  announced,*  where  it  grows  in  all  the  sphag- 
nous  bogs,  with  Pinus  Elliottii,  ferns,  Dulichium,  Eriophoruin  vir- 
ginicuui,  aroids,  orchids,  Drosera,  Sarracenia,  Ilex,  ericaceous 
shrubs,  etc.,  just  as  several  other  conifers  do  in  the  cedar-swamps 
arJ  peat-bogs  of  the  North.     It  is  said  to  attain  enormous  dimen- 


FiGHRE  6  View  of  Cane  Water  Pond,  Decatur  County,  showing  a  group  of  sap- 
lingh  of  7(ir(ttiitifn  imbnotrium  in  center,  and  branches  of  two  older  trees  at  the  sides. 
Aug  6,  1933.  Note  the  gradually  tapering  trunks  of 'the  saplings  (doubtless  due  to 
great  variations  in  water-level),  and  the  erect  leaf-bearing  branchlets  on  all  the  tree». 

sions  there,  but  I  did  not  penetrate  far  enough  into  the  heavily 
timbered  portions  of  the  swamp  to  verify  this.  Elsewhere  in 
Georgia  it  is  nearly  always  associated  with  Pinus  Elliottii,  'and 
commonly  with  Pitms  serotina,  DicJiromena  latifolia.  Ilex  luyrii- 
folia.  Magnolia  glauca,  Hypencum  fascicnlatimt,  Nyssa  biflora, 
Oxypolis  filiformis  and  Pinckneya  pubens. 

The  natives  in  Georgia  do  not  seem  usually  to  make  any  dis- 

♦  SeeTorrcya  a  :  157.      Oct.  1902  ;  and  Science  IT.  17 :  508.      27  March,  1903. 
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Figure  7.  Nearly  pure  association  of  Taxodium  imbricarium  in  a  shallow  pond 
(dry  at  the  time  the  photograph  was  taken)  about  three  miles  east  of  Valdosta,  Lowndes 
County.  Feb.  13,  1904.  Note  the  rather  coarsely  ridged  bark,  the  erect  trunks,  and 
their  enlarged  bases  all  of  the  same  height.  One  or  two  saplings  of  Pinus  Elliottii 
are  visible. 
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tinction  between  the  two  species  of  cypress.  Lumbermen  recog- 
nize several  varieties,  such  as  white,  black  and  red  cypress,  based 
on  the  appearance  of  the  wood,  but  as  they  do  not  correlate  these 
with  any  leaf  or  bark  characters,  I  cannot  see  but  what  all  these 
names  apply  to  T,  distichiim,  which  furnishes  practically  all  the 
cypress  lumber  on  the  market.  T,  imbricarium  is  used  to  some 
extent  for  posts,  telegraph  poles,  and  crossties,  but  just  why  it  is 
not  used  for  lumber  I  have  not  satisfactorily  ascertained.  Elab- 
orate preparations  were  made  several  years  ago  for  getting  this 
species  out  of  Okefinokee  Swamp  and  sawing  it  up,  but  for  various 
reasons  this  enterprise  was  abandoned  after  it  had  been  in  operation 
a  short  time.  The  danger  which  thus  threatened  what  is  probably 
the  finest  body  of  Taxodium  imbricarium  in  existence,  which  it  has 
taken  Nature  thousands  of  years  to  accumulate,  is  not  altogether 
past,  but  may  be  revived  at  any  time.  It  is  to  be  hoped  that 
rational  methods  of  lumbering  will  be  universally  adopted  before 
the  devastation  of  Okefinokee  Swamp  is  again  undertaken. 

The  illustrations  selected  to  accompany  this  paper  are  mostly 
of  7!  imbricarium,  as  botanists  will  be  more  familiar  with  the 
other  species,  which  has  often  been  described  and  figured.  The 
most  conservative  should  now  admit  that  for  phytogeographical 
purposes  at  least  it  is  much  more  desirable  to  regard  the  two  spe- 
cies here  discussed  as  distinct. 

College  Point,  New  York. 
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The  Publications  of  the  Department  of  Botany ^  Co^ 
lambia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  (Memoirs  already  published  are : — 
Vol   I.   Small.    A  Monograph  of  the  North  American  Species  of 
Xhc  Gtnws  Polygonum,     Pp.178.    84  plates.     1895.    Price, 
six  dollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Poten- 
tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  L  Nos.  I-2S  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each^ 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1 892-1 894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos  51-75  (1894-1895).  Nos.  50.  52,  54,  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-  100  (1 895- 1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897)  Five  dollars;  single  num- 
bers twenty  ?[vq  cents,  except  No.  1 19  which  is  fifty  cents, 
and  Nos.  101,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Fivedollars.  Nos.  133,  136, 
146.  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143.  which  are  ^hy  cents  each. 

Vol.  VII.  No.  151-175  (1898-190!).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  ?iVQ  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos   157  and  158,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  Sisyrinchium 

can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be* had  on  application. 

LuciEN  M   Undei^wood, 

Columbia  University,  Professor  of  Botany. 

Nkw    York  city. 
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the  region  of  this  formation  by  other  botanists,*  and  published 
references  to  it  are  scarce. 

As  the  Altamaha  Grit  region  (the  common  name  of  which, 
when  it  is  distinguished  from  other  portions  of  the  coastal  plain,  is 
the  "  rolling  wire-grass  "  or  **  rolling  piney-woods  "  country),  by 
reason  of  its  many  natural  advantages,  which  have  only  compara- 
tively recently  begun  to  be  appreciated,  is  increasing  very  rapidly 
in  wealth  and  population,t  largely  at  the  expense  of  its  once  mag- 

*  The  yonnger  Bartram  and  the  elder  Michaux,  whose  routes  through  Georgia  in 
the  eighteenth  century  are  pretty  well  known,  could  hardly  have  seen  any  of  the  Al- 
tamaha Grit  region  except  perhaps  the  extreme  eastern  end  of  it  There  is  eyidence 
that  at  least  some  of  Abbot's  drawings  of  Georgia  plants  and  insects,  published  in  1797, 
were  made  in  this  region,  but  no  one  knows  exactly  where.  About  1830  Nuttall  dis- 
covered Arenaria  brevifolia  in  Tattnall  County,  presumably  on  an  outcrop  of  Altamaha 
Grit,  but  very  little  is  known  of  his  movements  in  Georgia.  Groom  probably  skirted 
the  inland  edge  of  this  region  on  his  travels  through  Georgia  during  the  few  years  im- 
mediately preceding  his  death,  but  there  is  no  recognizable  description  of  it  in  his 
writings.  And  since  the  building  of  railroads  probably  as  many  as  a  dozen  well-known 
botanists  have  passed  through  portions  of  the  Altamaha  Grit  region,  usually  without 
stopping,  or  ventured  into  it  for  short  distances,  without  knowing  how  it  differed  from 
the  rest  of  the  coastal  plain,  but  very  few  of  these  have  made  public  any  notes  or  speci- 
mens from  there.  It  is  not  surprising,  therefore,  that  I  should  find  new  species  in  that 
region  nearly  every  season.  But  for  the  fact  that  most  of  the  plants  indigenous  to  that 
part  of  the  state  are  not  endemic,  but  extend  into  the  flat  country  near  the  coast,  or  into 
other  states,  a  much  larger  proportion  of  them  would  still  be  undescribed. 

f  The  nine  counties  in  Georgia  which  increased  in  population  over  75  per  cent,  be- 
tween 1890  and  1900  are  all  wire-grass  counties,  wholly  or  in  part  The  three  show- 
ing the  largest  increase  (Colquitt,  Irwin  and  Tattnall,  with  percentages  of  184,  116 
and  99  respectively)  are  entirely  underlaid  by  the  Altamaha  Grit.  During  the  same 
period  the  whole  rolling  wire-grass  country  increased  in  population  over  60  per  cent., 
the  whole  coastal  plain  of  Georgia  28  per  cent.,  the  whole  state  about  20  per  cent.,  and 
the  whole  United  States  (not  counting  islands  acquired  during  the  decade)  about  22 
per  cent.  The  average  density  of  population  in  the  Altamaha  Grit  region  in  1900  was 
about  25  to  the  square  mile  and  that  of  the  whole  state  37.5.  Fifty  years  earlier  the 
region  under  consideration  was  regarded  as  almost  a  desert,  and  contained  less  than 
four  inhabitants  to  the  square  mile.  Even  as  late  as  1880  the  density  of  its  population 
had  not  reached  ten  per  square  mile. 

This  region  is  remarkably  free  from  weeds,  mud,  dust,  floods,  droughts,  gullies, 
malaria,  and  extremes  of  heat  and  cold ;  all  of  which  cannot  be  said  of  some  other 
parts  of  the  country.  The  topography  is  undulating  enough  to  afford  good  drainage, 
and  at  the  same  time  level  enough  to  offer  no  serious  obstacles  to  easy  transportation 
(which  is  so  essential  for  the  rapid  spread  of  civilization). 

The  principal  source  of  wealth  for  this  region  has  been  —  and  will  be  for  many 
years,  if  properly  managed  —  Pinus  palustris^  which  is  probably  at  present  the  most 
important  tree  in  North  America  from  an  economic  standpoint,  rivaling  in  the  variety 
and  usefulness  of  its  products  the  classical  palms  and  bamboos  of  the  tropics.  Increas- 
ing attention,  however,  is  being  paid  to  agriculture  and  manufactures. 
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nificent  pine  forests,  any  information  in  regard  to  its  flora  and 
other  natural  resources  which  can  be  placed  on  record  now  will 
increase  in  interest  as  the  region  becomes  more  thickly  settled. 

The  rock  which  characterizes  this  part  of  the  state  is  not 
known  to  contain  any  recognizable  fossils,  but  it  is  believed  to  be 
of  Upper  Oligocene  age.  *  It  is  nearly  everywhere  concealed  by 
overlying  Pleistocene  deposits  (principally  Lafayette  and  Colum- 
bia) ,  but  in  a  few  places,  usually  on  slopes  in  dry  pine-barrens,  it 
comes  to  the  surface,  forming  cliffs  or  sometimes  flat  outcrops. 
Such  exposures  were  seen  in  1903  in  the  counties  of  Tattnall, 
Coffee,  Dodge  and  Dooly,  and,  as  might  be  expected  from  their 
scarcity  and  previously   unexplored  condition,  support  a  flora  of 


Figure  i.  Outcrop  of  Altamaha  Grit  in  open  pine-barrens  near  Pendleton  Creek, 
Tattnall  County,  June  26.  Liquidambar  Styracijlua  in  right  foreground ;  the  other 
trees  are  mostly  Pinus  palmtris.  This  is  one  of  the  localities  for  Selaginella  arenicola 
and  Talinum  Uretifolium^  mentioned  below. 

unusual  interest.  Among  the  species  growing  on  such  rocks  are 
some  which  seem  to  be  endemic  to  the  Altamaha  Grit  region,  and 
a  still  larger  number  which  have  been  considered  as  characteristic 

*  For  description  of  this  formation  see  Dall  &  Harris,  Bull.  U.  S.  Geol.  Surv. 
84  :    81,  82.      1892. 
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of  granite  outcrops  in  the  Piedmont  region.  Some  of  them  will 
be  discussed  in  the  latter  part  of  this  paper. 

The  ordinary  phase  of  the  Altamaha  Grit  is  readily  distin- 
guished, as  far  away  as  it  can  be  seen,  from  all  other  coastal  plain 
rocks  by  its  surroundings  and  by  the  appearance  of  its  weathered 
surfaces,  which  are  just  the  color  of  pine  bark  or  perhaps  a  little 
darker.  (A  fresh  surface  is  pale-yellow  of  often  coarsely  mottled 
with  red.)  Other  coastal  plain  rocks  contain  more  or  less  calcium 
■carbonate  an  d  are  surrounded  by  dense  vegetation,  but  the  Grit 
crops  out  in  broad  daylight  and  is  often  visible  half  a  mile  away. 

The  Altamaha  Grit  as  such  is  not  known  outside  of  Georgia, 
though  it  underlies  about  one-fifth  of  the  state  or  a  third  of  the 
coastal  plain,  and  extends  nearly  to  the  Savannah  River  on  the 
northeast  and  the  Chattahoochee  on  the  southwest.  The  Grand 
Gulf,  *  a  formation  believed  to  be  of  the  same  age,  extends  across 
the  lower  part  of  Alabama,  Mississippi,  Louisiana  and  Texas, 
but  its  actual  continuity  with  our  Grit  has  not  yet  been  estab- 
lished. 

The  boundary  between  the  rolling  wire-grass  region  (Alta- 
maha Grit)  and  the  lime-sink  region  (Lower  Oligocene)  which 
adjoins  it  on  the  northwest  in  Georgia  (and  bears  a  similar  rela- 
tion to  the  Grand  Gulf  region  in  the  states  farther  west),  is  one 
of  the  most  trenchant  boundaries  in  the  coastal  plain,  and,  when 
one  becomes  accustomed  to  it,  is  about  as  easily  recognized  as  the 
fall-line,  f  In  1903  I  traced  this  boundary,  by  crossing  it  at 
every  convenient  point,  through  the  counties  of  Dodge,  Wilcox, 
Dooly,  Worth,  Mitchell  and  Decatur.  J  A  striking  feature  of 
this  inland  edge  of  the  Altahama  Grit  country,  all  the  way  across 
the  state,  especially  toward  the  southwest,  is  that  it  is  marked  by 


*  Named  for  Grand  Gulf,  a  settlement  on  the  Mississippi  River  in  Claiborne 
County,  Mississippi,  where  this  formation  was  first  distinguished  by  B.  L.  C.  Wailes 
about  Bfty  years  ago. 

t  My  first  impressions  of  the  change  in  aspect  of  the  country  in  passing  from  one 
region  into  the  other,  traveling  southward  from  Cordele  in  1900,  were  described  in 
the  Bulletin  a  few  years  ago  ( 28  :  458.  August,  1901 ).  But  my  interpretation  of 
the  geological  significance  of  this  change,  based  on  the  best  information  available  at 
that  time,  subsequent  research  has  shown  to  be  incorrect.  (See  correction  above.) 
My  remarks  on  Pinus  palusiHs  in  that  connection  were  also  largely  erroneous. 

X  In  the  spring  of  1904  I  traced  it  farther  east,  through  the  counties  of  Laurens, 
Emanuel  and  Screven,  nearly  to  the  Savannah  River. 
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an  escarpment  facing  inland,  the  Grit  being  everywhere  higher 
than  the  limestone,  doubtless  on  account  of  its  greater  resistance 
to  erosion  and  solution.  In  Decatur  County,  traveling  eastward 
or  southward  from  Bainbridge  by  rail,  one  rises  about  1 50  feet  in 
three  miles  in  ascending  this  escarpment.  Elsewhere  the  differ- 
ence in  elevation  is  not  so  great,  but  always  perceptible,  as  may 
be  seen  by  examining  the  profiles  of  the  railroads  which  pass  from 
one  of  these  regions  into  the  other.  From  a  point  on  the  main 
Atlantic  and  Gulf  divide  a  few  miles  east  of  Cordele,  to  the  south- 
western corner  of  the  state,  a  distance  of  at  least  100  miles,  this 
escarpment  coincides  nearly  if  not  exactly  with  the  divide  between 
the  Flint  River  and  all  the  streams  flowing  into  the  Gulf  east 
of  it. 

A  similar  escarpment  is  said  to  mark  the  inland  edge  of  the 
corresponding  Grand  Gulf  region  in  Mississippi  and  Louisiana.* 
I  am  also  informed  by  Dr.  Eugene  A.  Smith,  who  is  familiar  with 
the  Grand  Gulf  region  of  Alabama  and  Mississippi  and  has  traveled 
through  the  Altamaha  Grit  region  of  Georgia,  that  the  topography 
and  flora  are  essentially  the  same  in  both.  In  1846,  some  years 
before  the  Grand  Gulf  formation  was  named,  Artemas  Bigelow  f 
described  and  figured  some  rock  outcrops  in  Baldwin  County, 
Alabama  (now  mapped  by  Dr.  Smith  as  being  in  the  Grand  Gulf 
region),  which  must  be  very  similar  to  the  Altamaha  Grit  outcrops 
in  Georgia.  That  portion  of  Alabama  is  described  by  Dr.  Mohr 
in  his  "  Plant  Life  of  Alabama*'  %  under  the  name  of  **  lower  di- 
vision of  the  coast  pine  belt,"  but  without  emphasizing  its  geolog- 
ical significance. 

The  southeastern  limit  of  the  Altamaha  Grit  is  ill-defined,  for 
the  rolling  pine-barrens  seem  to  pass  by  imperceptible  gradations 
into  the  flat  pine-barrens  near  the  coast.  Midway  between  the 
Savannah  River  and  the  Chattahoochee  the  region  under  con- 
sideration is  at  least  sixty  miles  wide ;  but  in  the  vicinity  of  Climax, 
in  Decatur  County,  where  its  limits  are  pretty  sharply  defined,  its 
width  is  not  over  six  miles,  and  it  probably  tapers  down  to  noth- 
ing a  little  farther  on. 

^*See  Hilgtrd,  Am.  Jour.  Sci.  III.  a  :  397.  1871  ;  III.  aa  :  59.  1881  :  Dall 
&  Harris,  BuU.  U.  S.  Geol.  Surv.  84:  161,  168.  1892;  Harris  &  Veatcb,  Rep. 
Geol.  La.  1899:  96.     1900;  Veatch,  Rep.  Geol.  La.  1900-oa :  156.     1902. 

t  Am.  Jour.  Sci.  IL  2  :  419-422. 

J  Contr.  U.  S.  Nat.  Herb.  6:  iio-iiS.     1904. 
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The  typical  topography  of  this  region  (as  is  finely  displayed 
around  Tifton,  for  example)  is  gently  rolling,  less  so  of  course 
than  in  Middle  Georgia,  but  decidedly  more  so  than  in  the  adjoin- 
ing lime-sink  region.  A  straight  line  drawn  in  any  direction 
across  the  rolling  wire-grass  country  would  cross,  on  the  average, 
two  or  three  valleys  to  the  mile,  the  bottom  of  each  valley  con- 
taining a  sluggish  and  often  intermittent  stream,  the  water  of  which 
is  never  muddy  but  usually  tinged  with  brown  from  vegetable 
matter.  The  average  difference  in  elevation  between  the  smaller 
valleys  and  the  adjacent  ridges  is  probably  twenty  or  thirty  feet 
Creeks  and  rivers  are  of  course  encountered  at  longer  intervals. 

Probably  at  least  nine-tenths  of  this  region,  in  its  natural  con- 
dition, is  pine-barrens,  and  the  remainder  is  mostly  swamps,  which 
border  every  stream,  and  sand-hills,  which  occur  along  most  of 
the  creeks  and  rivers.  The  lime-sink  region,  in  Southwest  Georgia 
at  least,  is  also  about  nine-tenths  pine-barrens,  the  remainder  being 
mostly  river-swamps,  ponds  and  lime-sinks.  Streams  are  as 
scarce  in  the  lime-sink  region  as  they  are  numerous  in  the  Alta- 
maha  Grit  country.  In  August,  1903,  I  went  on  foot  from  Bain- 
bridge  (on  the  Flint  River)  west  to  the  Chattahoochee,  a  distance 
of  about  twenty-eight  miles,  and  did  not  see  a  stream  of  any  kind 
between  the  two  rivers  except  Spring  Creek,  which  rises  in  the 
Eocene  country  about  thirty  miles  to  the  northward. 

Ponds  are  less  frequent  in  the  region  under  consideration  than 
m  some  other  parts  of  the  coastal  plain,  and  those  that  do  occur  are 
almost  invariably  shallow  enough  to  dry  up  every  year,  and  full 
of  trees  (principally  Pinus  Elliottii,  Taxodium  imbricarium,  and 
Nyssa  biflord)  ;  never  containing  a  dense  growth  of  glumaceous 
plants  (such  as  Manisuris  Chapmani,  Panicum  digitarioides,  Homa- 
locenchrus  hexandrus,  Eleocftaris,  Dichromejia^  Rhynchospord)  or 
shrubs  (Crataegus  aestivalis^  Hypericum  fasciculatum,  CephcUan- 
thus),  like  many  of  those  along  the  inland  edge  of  the  lime-sink 
region,  or  deep  and  permanent  enough  to  contain  species  of  Pota-- 
mogeton,  Utricularia  and  various  Nymphaeaceae,  like  the  large 
ponds  of  Decatur  and  Lowndes  counties.  Another  interesting 
feature  of  this  region  is  that  it  contains  nearly  all  the  sand-hills  of 
the  coastal  plain,  with  the  exception  of  those  along  the  fall-line. 

The  following  species  are  common  and  conspicuous  in  the 
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Altamaha  Grit  region,  but  unknown  in  the  adjacent  lime-sink  re- 
gion: Piniis  serotina,^\  Sarracenia  flavaX  Cliftonia  monophylla,% 
Nyssa  Ogeche,\%  Pinckneya  pubens^\%  Viburnum  nudum^^  and 
Baldwinia  atropurpurea,'\\\  Many  others  having  a  similar  distri- 
bution might  be  mentioned,  but  the  above  are  of  particular  interest 
because  they  extend  right  up  to  the  edge  of  the  region,  and  are 
easily  recognized  from  a  moving  train,  enabling  the  observant 
traveler  to  tell  in  a  few  minutes  when  he  enters  the  Altamaha  Grit 
country  from  the  north  or  west. 

On  the  other  hand,  many  species  which  are  common  in  other 
parts  of  the  coastal  plain  are  conspicuous  by  their  absence  in  the 
wiregrass  country.  The  following  grow  both  north  and  south  of  the 
region  under  consideration,  sometimes  approaching  within  a  mile 
of  it,  but  are  not  known  within  its  borders  :  Phegopteris  hexago- 
noptera,  Uvularia  perfoliata,  Fagus  Americana  (and  therefore 
Epiphegus  too),  Sassafras,  Kalmia  latifolia,  Asclepias  variegata, 
and  Conopholis,  The  same  is  true  of  several  species  confined  to 
limestone  outcrops  or  permanent  ponds,  which  it  would  be  super- 
flous  to  mention  here.  Again,  several  river-bank  trees,  such  as 
Populus  deltoides,  Platanus,  Acer  saccharinum  {A.  dasycarpum\ 
Negundo  and  Catalpa,  descend  the  larger  streams  nearly  or  quite 
to  the  Altamaha  Grit  and  seem  to  stop  there.  And  there  is  a 
considerable  number  of  species  which  range  from  the  mountains 
to  the  inland  edge  of  the  Grit  and  no  farther,  but  these  are  too 
numerous  to  be  discussed  here.  When  the  whole  truth  is  known 
the  Altamaha  Grit  escarpment  will  probably  be  found  to  stop  as 
many  species  of  plants  as  the  fall-line  does,  though  not  for  the 
same  reasons. 

Of  the  points  of  interest  visited  in  the  summer  of  1903  only  a 
few  need  be  mentioned  here. 

On  the  morning  of  my  arrival  in  Georgia,  after  following  down 

*  Reappears  northwest  of  the  lime-sink  region. 

t  Not  known  in  Alabama.  There  is  probably  a  gap  between  the  Altamaha  Grit 
and  Grand  Gulf  regions  which  these  species  have  not  succeeded  in  crossing. 

X  In  Georgia  the  distribution  of  this  species  coincides  pretty  closely  with  that  of 
Che  Grit.     But  in  Virginia  and  the  Carolinas  it  is  found  farther  inland. 

2  Reaches  its  northeastern  limit  in  the  extreme  southern  comer  of  South  Carolina. 

II  Not  known  in  South  Carolina  (in  which  State  nothing  corresponding  to  the 
Altamaha  Grit  has  yet  been  reported). 
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the  Savannah  River  a  few  miles  from  the  point  where  I  crossed  it, 
I  found  myself  at  Sisters'  Ferry,  where  William  Bartram  crossed 
the  river  on  April  25,  1776,*  and  Andre  Michaux  and  his  son  on 
April  26,  I787.t 

Bartram  mentioned  particularly  the  occurrence  of  Dirca  palus- 
tris  on  the  Georgia  bank  at  this  point,  and  Michaux  noted,  besides 
the  Dirca,  Kalmia  latifolia,  two  azaleas  and  a  /ew  other  shrubs. 


Figure  2.  Sisters*  Ferry,  on  the  Savannah  River  (Effingham  Co.,  Georgia,  and 
Hampton  Co.,  South  Carolina),  looking  upstream  from  the  Georgia  side.  June  12. 
This  is  the  place  where  Bartram  and  Michaux  crossed  in  the  eighteenth  century. 

I  had  no  difficulty  in  finding  the  Dirca  and  Kalmia^  and  secured 
specimens  of  them  (nos.  181^,  1814).  Both  species  are  very  rare 
so  near  the  coast  in  this  latitude  and  at  so  low  an  altitude 
(probably  not  over  50  feet  above  sea-level).  At  that  time  I  was 
not  aware  of  Michaux's  visit,  and  I  did  not  notice  the  azaleas 
(which  must  have  been  past  flowering  then)  and  other  plants  men- 
tioned  by  him,  one  of  which  seems  to  have  been  the  recently 

*See  Bartram' s  Travels,  page  307  (of  1794  edition).  The  year  may  have  been 
1777  ;  for  the  dates  in  different  parts  of  this  work  contradict  each  other,  and  I  have 
not  yet  determined  which  are  correct. 

f  Journal  of  Andr6  Michaux  (edited  by  C.  S.  Sargent),  page  9.  On  page  12  is  a 
reference  to  a  subsequent  visit  to  the  place  on  May  1 3  of  the  same  year. 
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revived  Magnolia  pyrantidata  Pursh.*  The  geographical  features 
of  the  vicinity  of  Sisters'  Ferry,  and  in  fact  the  whole  east  side  of 
Effingham  County,  are  rather  peculiar,  recalling  those  of  the 
Chattahoochee  region  of  Decatur  and  Thomas  counties.  But 
nothing  definite  is  known  about  the  geology  of  this  county,  and 
the  high  water  prevented  me  from  getting  much  light  on  the 
subject  from  the  rocks  along  the  river,  f 

On  July  31  I  discovered  something  previously  unknown  to 
science  and  entirely  unexpected,  viz.,  sand-hills  on  the  Chatta- 
hoochee River.  These  are  located  on  the  left  or  Georgia  side  in 
Early  County  near  Hilton.  At  all  other  easily  accessible  points 
on  the  Chattahoochee  there  is  not  the  slightest  suggestion  of  sand- 
hills, and  I  was  informed  that  this  particular  area  is  only  four  or 
five  miles  long.  Where  I  crossed  it  it  is  about  a  mile  and  a  half 
wide.  These  sand-hills  have  the  same  general  appearance  as 
many  of  those  in  Southeast  Georgia,  but  their  flora  is  not  nearly 
so  rich  in  species,  which  is  just  what  would  be  expected  from  their 
remoteness  from  other  similar  areas. 

About  the  middle  of  August  I  went  to  River  Junction,  Florida, 
about  two  miles  south  of  the  Georgia  line,  examined  Tufiiion 
iaxifolium  J  in  its  native  haunts  near  there,  and  then  spent  nearly 
two  days  walking  up  along  the  Flint  River  to  Bainbridge,  a  dis- 
tance of  about  thirty  miles,  trying  to  find  this  rare  tree  in  Georgia. 
In  this  particular  I  was  unsuccessful,  but  the  trip  was  by  no  means 
unprofitable.  In  this  extreme  southwestern  corner  of  the  state 
the  phytogeographical  features  are  rather  complicated,  and  there- 
fore interesting,  but  my  time  there  was  too  short  to  make  more 
than  a  superficial  examination. 

For  the  last  fifteen  miles  of  its  course  the  Flint  River  (whose 
junction  with  the  Chattahoochee  marks  the  comer  of  the  state) 
washes  the  northwestern  base  of  an  escarpment  which  is  nearly 
200  feet  high  in  some  places.     This  is  a  direct  continuation  of  the 

*Scc  Small,  Fl.  S.  E.  Sutes  452.  July,  1903;  Sargent,  Trees  and  Shrubs  i : 
loi,//.  J"/.     November,  1903. 

t  This  was  just  after  one  of  the  most  disastrous  floods  ever  known  in  South  Caro- 
lina, and  the  Savannah  River  at  this  point  was  then  nine  feet  above  low  water  mark  and 
still  rising.     I  noticed  however  some  fossiliferous  rocks  just  above  the  water's  edge. 

X  The  odor  of  the  bruised  foliage  of  this  tree  is  frequently  mentioned,  but  I  have 
never  seen  it  described.  It  reminded  me  of  the  odor  of  the  foliage  of  Lycopersicum 
more  than  anything  else. 
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Altamaha  Grit  escarpment  mentioned  above,  but  down  here  in 
Decatur  County,  if  not  for  some  distance  farther  east,  its  base 
seems  to  be  composed  of  rocks  of  a  different  formation,  apparently 
the  Chattahoochee.*  The  slopes  next  to  the  river  support  a  fine 
forest  of  angiospermous  trees,  as  is  characteristic  of  the  Chatta- 
hoochee region.  (The  transition  from  the  shady  woods  of  the 
slopes  to  the  open  pine-barrens  of  the  summit  is  very  abrupt  at 
Climax  and  Fowlstown.)  At  some  points  along  the  brow  of  the 
escarpment  near  the  river,  where  the  forest  has  been  partly 
removed,  one  can  get  a  surprisingly  extensive  view  of  the  much 
lower  and  comparatively  level  country  across  the  river  to  the 
northwestward.  At  such  points  the  horizon  in  that  direction  is  so 
distant  that  it  appears  to  the  unaided  eye  as  a  perfect,  unbroken, 
straight  line,  though  doubtless  composed  of  the  tops  of  pine  trees. 

On  top  of  this  escarpment  near  the  Flint  River,  particularly  in 
the  vicinity  of  Faceville,  many  square  miles  are  covered  with  a 
thick  deposit  of  dry  Columbia  sand.  This  supports  a  flora  simi- 
lar to  that  of  the  sand-hills  of  Southeast  Georgia,  but  differs  from 
all  regular  sand-hills  in  its  unusual  height  above  the  river.  It  is 
like  the  majority  of  them,  however,  in  being  within  the  Altamaha 
Grit  region,  and  on  the  left  side  of  the  stream. 

Some  maps  of  Georgia  show  in  the  northern  part  of  Appling 
County  a  pond,  which  if  it  is  as  large  as  represented  must  be  quite 
unlike  anything  else  in  the  Altamaha  Grit  region.  On  September 
1 2th,  as  I  was  passing  through  the  county,  I  spent  a  few  hours 
between  trains  in  trying  to  find  out  something  about  this  place. 
Getting  off  at  Prentiss,  the  nearest  station,  I  directed  my  steps 
northeastward,  and  after  traveling  a  couple  of  hours  through  flat 
pine-barrens  I  approached  my  destination.  But  I  found  the  pond 
surrounded  by  such  a  dense  growth  of  evergreen  trees  and  shrubs 
(such  as  Magnolia  glauca,  Gordonia,  Cliftonia,  and  Pieris  nitida) 
that  I  could  not  get  a  glimpse  of  it ;  and  the  few  natives  living  in 

*  The  portion  of  this  escarpment  in  Decatur  County  has  been  described  by 
Pumpelly  (Am.  Jour.  Sci.  III.  46:  445-448.  December,  1893)  ""^^  Foerste  (Am^ 
Jour.  Sci.  III.  48  :  41-54.  July,  1894),  but  neither  of  these  authors  seems  to  have 
indicated  the  occurrence  of  Altamaha  Grit  on  top  of  it.  I  have  seen  no  rocks  of  this 
formation  farther  west  than  Worth  County,  but  its  characteristic  topography  and  flora 
extend  uninterruptedly  and  unmistakably  well  into  Decatur  County.  Moreover,  the 
rocks  of  the  Chattahoochee  formation  are  not  hard  enough  to  form  such  an  escarpment. 
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the  vicinity  do  not  seem  to  know  much  about  it,  and  have  not 
even  given  it  a  name,  apparently.  But  from  the  nature  of  its 
surroundings  and  other  considerations,  I  imagine  that  this  pond 
must  be  a  good  deal  like  Okefinokee  Swamp,  on  a  small  scale. 
Within  a  mile  of  the  pond  the  sand  is  deeper  and  drier  than  usual, 
with  a  sort  of  sand-hill  flora  much  like  that  around  the  large 
ponds  in  the  lime-sink  regions  of  Decatur  and  Lowndes  counties.* 

Later  in  September  I  did  some  work  along  the  Altamaha 
River,  in  the  vicinity  of  the  two  points  where  railroads  cross  it 
(near  Doctortown  and  Barrington)  and  around  Darien,  the  seaport 
at  its  mouth.  Like  most  of  its  tributaries,  the  Altamaha  has  sand- 
hills along  its  left  bank,  but  they  are  not  as  extensive  (where  I 
saw  them,  at  least)  as  those  farther  inland,  and  their  flora  seems 
less  varied.  Opposite  Doctortown  the  sand-hills  are  not  over 
a  mile  wide,  near  Barrington  (station)  they  are  much  narrower, 
and  they  disappear  entirely  somewhere  above  Darien.  At  both 
points  where  I  crossed  the  river  its  swamp  is  about  a  mile  wide, 
containing  several  elongated  **  lakes  "  (bayous  they  would  prob- 
ably be  called  farther  west),  and  happens  to  be  all  on  the  left 
or  sand-hill  side.  The  bridge  near  Barrington  is  not  over  twenty 
miles  from  the  ocean,  but  the  volume  of  flow  of  the  river  is  such 
that  the  influence  of  the  sea  is  not  felt  by  the  vegetation  there,  and 
I  was  informed  that  the  tide  is  perceptible  only  when  the  river  is 
very  low.  (The  smaller  rivers,  such  as  the  Ogeechee,  Satilla  and 
St.  Mary's,  at  this  distance  from  the  coast  have  several  feet  of  tide 
and  are  bordered  by  brackish  marshes.)  Kven  at  Darien,  which 
is  within  ten  miles  of  the  open  ocean,  the  river  marshes  are  fresh 
or  nearly  so,  and  contain  a  good  deal  of  Taxodium  distichum. 
Coming  up  by  steamer  from  Brunswick  to  Darien  the  gradual 
transition  from  salt  to  fresh  marshes  can  be  plainly  seen,  the  com- 
position of  the  vegetation  changing  almost  completely  while  its 
general  aspect  remains  about  the  same. 

A  few  miles  above  the  railroad  bridge  near  Barrington  is  the 
lowest  ferry  on  the  Altamaha,  where  the  Bartrams,  father  and  son, 
crossed  in  the  i8th  century,  and  discovered  that  now  long-lost 
tree,  Franklinia  Alatamaha  or  Gordonia  pubescens,  as  it  is  variously 
called,  t     Somewhere  near  the  same  point  Leitneria  floridana  was 

♦See  Bull.  Torrey  Club  30:  291.     1903;  31:  15.   1904. 

t  For  an  account  of  several  attempts  to  rediscover  this  tree  see  Ravenel,  Am.  Nat. 
x6:  235-238.     1882. 
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fotmd  by  C.  L.  Boynton  in  July,  1901.*  My  itinerary  did  not 
bring  me  within  sight  of  either  of  these  rare  plants,  however. 

The  new  species  resulting  from  this  trip  which  have  been  recog- 
nized up  to  the  present  writing  all  happen  to  belong  to  groups  with 
which  other  persons  are  more  familiar  than  myself,  so  none  are 
described  in  this  paper.  Among  the  lower  cryptogams  one  moss 
has  already  been  described  by  Cardot,t  another  by  Wamstorf,t  and 
a  fungus  by  Dr.  Murrill.  §  The  first  is  based  on  two  collections 
from  the  lime-sink  region,  one  made  in  1902  and  one  in  1903  ; 
and  the  other  two  new  species  are  each  based  on  a  single  collection 
from  the  Altamaha  Grit  region. 

Among  the  pteridophytes  and  spermatophytes  collected  in  1903 
the  following  seem  worthy  of  notice  : 

Selaginella  arenicola  Underw.  Bull.  Torrey  Club  25  : 
541.     1898 

Previously  known  only  from  Columbia  sand  in  Florida,  and 
Decatur  County,  Georgia.  I  have  seen  it  only  on  Altamaha  Grit 
outcrops  in  Tattnall  County  {nos,  1854.,  1860)^  where  it  is  quite 
scarce. 

Selaginella  acanthonota  Underw.  Torreya  2  :  172.  1902 
On  driest  sand  hills  in  Tattnall  (no,  i8s2\  Montgomery  {no. 
1987)  and  Liberty  counties.  A  form  not  quite  typical,  approach- 
ing 5.  rupestris,  was  collected  on  an  Altamaha  Grit  outcrop  in 
Dooly  County  {no,  1957).  This  species  was  previously  known 
only  from  North  Carolina,  unless  some  Florida  specimens  are  to 
be  referred  to  it. 

Sagittaria  natans  Michx. 

In  shallow  grassy  pools  just  west  of  Savannah,  all  submersed 
but  the  flowers,  June  17  {no,  18 ji).  This  species  has  an  inter- 
esting contrivance  for  protecting  its  reproductive  organs  from 
water.  Whenever  by  any  cause  the  inflorescence  is  drawn  be- 
neath the  surface,  the  pressure  of  the  water  causes  each  flower  to 


*See  Biltmore  Bot.  Stud,  i :  143.     1902. 
t  Rev.  Bryol.  ji  :  8.     1904. 
X  Bot.  Centrabl.  Beihefte  x6  :  250.     1904. 
^  Bull.  Torrey  Club  31  :  600.      1934. 
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shut  up  immediately,  enclosing  a  large  bubble  of  air  which  keeps 
the  interior  dry,  and  at  the  same  time  gives  the  flower  buoyancy 
to  rise  to  the  surface  again.  This  perhaps  does  not  happen  often 
in  nature,  but  the  experiment  may  be  performed  repeatedly  with 
the  same  flower.* 

Aristida  condensata  Chapm. 

Collected  on  Sept.  10  on  the  sand-hills  of  Gum  Swamp  Creek 
on  the  western  border  of  Montgomery  County  {no,  1982),  and 
seen  later  in  the  same  month  on  the  sand-hills  of  the  Altamaha 
River  in  Liberty  and  Mcintosh  counties,  and  of  the  Little  Salilla 


Figure  3.  Selagindla  acanthonota  (no.  11^7)  on  sand-hills  of  Little  Ocmulgee 
River,  Sept.  10.  Photograph  taken  in  dry  weather,  when  the  stems  were  all  more  or 
less  incurved. 

in  Wayne  County  near  Hortense.     Previously  reported  only  from 
Florida, 


*  Since  the  above  was  written  I  notice  that  the  same  observation  has  already  been 
made  by  Professor  Hitchcock  (Proc.  Iowa  Acad.  Sci.  9 :  215.  1902).  But  as  his 
note  is  likely  to  be  overlooked  this  may  as  well  stand. 
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FiMBRisTYLis  DiPHYLLA  (Retz)  Vahl,  Enum.  2:  289.  1806 
Common  along  moist  sandy  roadsides  in  and  near  the  swamp 
of  Big  Indian  Creek  on  the  road  from  Hayneville  to  Perry,  Hous- 
ton County,  Sept.  3  (no.  1^6  f).  Also  seen  the  next  day  in  simi- 
lar situations  east  of  Mossy  Creek  on  the  road  from  Perry  to  Kath- 
leen, in  the  same  county.  This  is  a  tropical  species,  not  previously 
reported  from  the  United  States.  Dr.  Britton,  who  identified  it, 
tells  me  that  in  the  West  Indies  it  is  principally  a  roadside  weed 
also,  so  that  its  native  habitat  is  more  or  less  problematical.  It  is 
rather  remarkable  that  it  should  penetrate  200  miles  into  the  in- 
terior of  Georgia,  and  establish  itself  in  such  localities  as  the  above, 
several  miles  from  any  railroad  or  settlement,  before  being  detected. 
What  seems  to  be  the  same  thing  was  collected  on  a  moist  exposed 
grassy  bank  at  the  edge  of  the  Altamaha  River  marshes  just  be- 
low Darien,  two  weeks  later  {no.  2004).  Its  occurrence  at  this 
seaport  is  not  so  surprising,  but  even  there  it  appeared  to  have 
been  long  established,  and  should  have  been  seen  before. 

LuzuLA  SALTUENSis  Fcmald,  RhodoraS:   195.     1903 
(L.  vernaliSf   L.  pilosa  and  Juncoides  pilosum  of  American 
authors.) 

Seen  in  rich  shady  woods  on  a  north  slope  a  few  miles  north- 
west of  Cuthbert,  July  21.  Quite  rare.  This  discovery  extends 
its  known  range  about  1 50  miles  southward,  and  well  into  the 
coastal  plain.  (The  opportunity  to  combine  the  new  specific  name 
with  the  other  generic  name  now  in  use  will  probably  not  long 
be  neglected,  but  in  the  meanwhile  we  prefer  to  use  the  name  as 
above.) 
Aletris  lutea  Small.  Bull.  N.  Y.  Bot.  Gard.  i :  278.  1899 
This  plant  has  the  aspect  of  A.  farifiosa  with  flowers  colored 
almost  like  those  of  A.  aurea.  Besides  its  individual  characters 
(/.  e,,  such  as  might  be  exhibited  by  a  single  specimen  without  a 
label),  it  differs  from  the  former  in  range  and  from  the  latter  in 
time  of  flowering,  being  a  month  or  two  earlier.  I  collected  it  on 
June  1 5  in  rather  dry  pine  barrens  near  Sandfly,  Chatham  County 
(no.  1828).     It  was  not  previously  known  north  of  Florida. 

Canna  flaccida  Salisb. 
Like  several  other  species  confined  to  the  southeastern  United 
States,  this  has  been  greatly  neglected  by  modern  bibliographers. 
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In  trying  to  verify  some  of  the  citations  for  it  I  found  to  my  sur- 
prise that  it  had  been  described  at  least  thirty  times,  and  figured 
eight  or  ten  times.  Its  bibliographic  history  is  somewhat  involved. 
The  principal  descriptions,  in  chronological  order,  are  as  follows : 

Cannacorus  glaucophyllos  (etc.),  Dill.  Hort.  Elth.  (^9,  pl.  S9-  *732.  Type 
locality  :  **  si  bene  memini,  .  .  .  e  Carolina,  ubi  sponte  nascitur." 

Canna glauca  \a,    Sp.  PI.  I.     1 753  (in  part).   Type  locality :    "In  Carolina?*' 

?  C.  giaucala,  \  Lam.  Encyc.  1:  357.  1783.  Locality:  **dansles  lieux  hu- 
mides  de  la  Carolina:  on  la  cultive  au  Jardin  du  Roi." 

C.  flaccida  Salisb.  Ic.  Stlrp.  Rar.  3.  //.  2,  1791.  Type  locality:  "Sponte 
nmscentem  in  South  Carolina  \t,^i  Johannes  BartramJ*^ 

?  C,  flava  Michx. ;  Lam.  Jour.  Hist.  Nat.  Par.  1  :  416.  1792.  i^Fide  Ind. 
Kew.) 

Cflaccida  Salisb.  ;  Mill.  Gard.  Diet.  (ed.  Martyn).  1797.  The  editor  says 
among  other  things     <<  It  is  often  confounded  with  Canna  glauca^ 

C,  glauca  P  Jiaccida  Willd.  Sp.  PI.  1:  4.  1798.  Locality:  "in  Carolinae 
aquosis." 

C,  flaccida  Salisb. ;  Redout^,  Les  Liliac^es  %\  pt,  loj,  1805.  (Specimen 
figured  was  cultivated  at  Malmaison.  The  author  remarks  that  Fraser  and  Michaux 
mention  no  indigenous  Canna  from  Carolina,  and  as  this  species  is  more  sensitive  to 
cold  than  other  plants  from  Carolina,  perhaps  it  came  originally  from  some  warmer 
country.  But  this  is  probably  explained  by  the  fact  that  it  grows  in  the  extreme 
southern  part  of  South  Carolina,  while  the  other  Carolinian  plants  known  to  Redout^ 
may  have  come  from  the  mountains  of  North  Carolina. ) 

C,  flaccida  Salisb.  ;  J.  E.  Smith  in  Rees  Cycl.  vol.  6.  1806.  **  A  native  of  South 
Carolina,  where  it  was  found  by  Bartram.** 

C,  flaccida  Roscoe,  Trans.  Linn.  Soc.  8  :  339.  1807.  (This  is  the  citation  given 
in  the  Kew  Index.)     Tjrpe-locality  :  **Bot.  Gard.  Liverpool.'* 

C, flaccida  Roscoe;  Pursh,  Fl.  Am.  Sept.  585.  1814.  Locality:  "In  swamps 
of  South  Carolina"  (with  reference  to  six  earlier  descriptions  or  figures,  including 
Salisbury's  and  one  which  I  have  not  seen). 

C. flaccida  Roscoe;  Ell.  Bot  S.  C.  &  Ga.  i  :  i.  1816.  "  Grows  in  wet  soils, 
around  ponds;  Paris  Island,  near  Beaufort ;  C[h]atham  Co.,  Georgia." 

C. flaccida;  Nutt.  Gen.  1  :  I.     1818.     **In  Carolina  and  Georgia." 

C.  flaccida;  Lodd.  Bot.  Cab.  6  :  pi.  ^62.  1821.  "A  native  of  Carolina  and 
Georgia ;  we  received  it  about  two  years  since  from  our  valued  firiend,  Dr.  Wray  of 
Augusta." 

C. flaccida  Dill.;  Roscoe,  Scitamineae  (no.  6).  1828.  "A  native  of  America, 
where,  Mr.  Nuttall  informs  me,  he  saw  it  growing  in  great  quantities  on  the  banks  of 
the  Mississippi.  Has  been  cultivated  in  our  gardens  many  years."  (Refers  to  Dil- 
lenius's  and  RedouJ^'s  figures,  but  not  Salisbury's.) 

C.  Reevesii  Lmdl.  Bot.  Reg.  23  :  //.  2004.     1837.     Type-locality  :  "China." 

C.  yfor<^V/tf /  Darby,  Man.  Bot.  S.  States  247.  1841.  "Yellow.  May-July. 
Wet  soils.  Low  country  of  Car.  &  Ga.  2-3  feet."  (Describes  the  flowers  as  red  in 
subsequent  editions. ) 

Eurystylus  flaccidm  Bouch6,  Lianaea  18  :  485.  1844.  (Refers  to  Salisbury  and 
Willdenow,  but  mentions  no  locality. ) 

Canna  flaccida  ^oscoQ  \  Chapm.  Fl.  S.  States,  466.  i860.  (With  the  longest 
description  in  this  book  and  in  the 'three  subsequent  editions.)  Locality:  "Miry 
swamps,  Florida  and  South  Carolina,  near  the  coast." 
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C.Jlaccida  Saliib.;  Andrt,  Rev.  Hort.  1861 :  316-320.  /  79,  80.     1861. 

Euryttylm flaccidus  Bouchi;  Horan.  Prodr.  Monog.  Scit.  18.  1862.  Localitj : 
**  In  paludosis  Carolinae  australis." 

Canna  ({  Coryikium) /lacada  Roscoe ;  Wood,  Gass-Book  692.  1 861.  **  A  fine 
plant,  around  ponds,  S.  Car.,  Ga.  and  Fla." 

C.JLiccida  Dill.;  Kegel,  Ind.  Sem.  Hort.  Petrop.  1S66  :  85.  1867.  (Unites  C. 
Reeveiii  with  C  flaicida^  probably  for  the  first  time. ) 

C.Jlaccida  ;  Gray,  Field,  Forest  &  Garden  Bot.  327.  1869.  «*  Wild  in  swamps 
from  South  Carolina  S.'* 

C,  flaccida  Dill.;  B.  &  H.  Gen.  PI.  3*:  655.  1883.  "Species  boreali 
Americana.'* 

C,  flaccida  Dill.;  Petersen  in  Engler  &  Prantl,  Nat.  Pflanzenfam.  a«:  32.  1889. 
«*  Aus  dem  sUdlichen  Nordamerika." 

C,  flaccida  Salisb.;  Petersen  in  Mart.  Fl.  Bras.  3»:  74.//.  ty,  /.  2,  1890. 
(Cites  a  recent  Florida  specimen,  and  follows  Roscoe  in  crediting  the  species  to  the 
banks  of  the  Mississippi.) 

C.  flaccida  Salisb.;  Baker,  Gard.  Chron.  III.  13:  196.  1893.  ("Southern 
United  States;  Carolina  to  Florida,  in  swamps.''  Also  explains  the  origin  of  C. 
Reevesii. ) 

C.  flaccida  Salisb.;  Bailey,  Field,  Forest  &  Garden  Bot.  413.  1895;  Cycl.  Am. 
Hort.  240.     1900.     **  Swamps,  S.  Car.  to  Fla.,  near  the  coast." 

C.  flaccida  Roscoe ;  Small,  Fl.  S.  E.  States  307.  1903.  **  In  swamps  near  the 
coast.  South  Carolina  to  Florida." 

Pursh,  Elliott.  Chapman,  Wood,  Small  and  the  Kew  Index 
credit  the  authorship  of  the  specific  r\dxti^  flaccida  to  Roscoe,  while 
Roscoe,  Regel,  Petersen  and  Bentham  &  Hooker  credit  it  to  Dil- 
lenius,  about  seven  authors  credit  it  to  Salisbury,  and  the  remain- 
der do  not  say  where  the  name  originated. 

The  facts  in  the  case  seem  to  be  as  follows  :  Our  plant  was 
figured  and  described  in  1732  by  Dillenius  (but  the  yrord  flaccida 
does  not  appear  in  his  polynomial  designation),  who  says  the  seeds 
came  from  Carolina,  to  the  best  of  his  recollection.  By  Linnaeus 
it  was  confounded  with  C,  glauca,  a  very  distinct  species  (if  the 
published  figures  of  it  are  accurate)  of  unknown  origin.  In  1788 
Walter  reported  three  species  of  Canna  (the  same  three  as  in  Lin- 
naeus' Species  Plantarum)  from  South  Carolina,  but  it  is  not  cer- 
tain which  of  his  descriptions  (if  any)  applies  to  the  plant  in  ques- 
tion. In  1 79 1  our  plant  received  its  first  tenable  name  from 
Salisbury,  who  gave  an  excellent  hand-made  colored  plate  and 
over  a  page  (a  folio  page  at  that)  of  description.  The  nzm^  flac- 
cida was  used  by  at  least  four  other  authors  before  Roscoe,  so 
there  is  no  sufficient  reason  why  it  should  have  ever  been  credited 
to  him.     I  have  not  been  able  to  verify  the  citation  of  C,  flava 
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Michx.,  said  to  have  been  published  in  1792,  but  there  is  no  Canna 
in  Michaux's  Flora,  which  appeared  eleven  years  later. 

In  1837  Lindley  described  C,  Reevesii,  from  China,  saying 
among  other  things  :  "  It  is  very  near  C.  flaccida  ;  so  very  near 
that  it  may  be  doubted  whether  it  is  distinct."     Baker,  in  his  re- 


FiGURE  4.  Colony  of  Canna  flaccida,  in  low  woods  in  Chatham  County,  June  13. 

vision  of  the  genus,  states  that  C.  Reevesii  is  genuine  C,  flcucida, 
cultivated  and  not  native  in  China,  and  that  the  same  thing  has 
also  been  seen  in  cultivation  in  the  Himalayas. 

In  1844  Canna  flaccida  and  the  then  supposed  distinct  O 
Reevesii  were  made  by  Bouche  the  sole  representatives  of  his  new 
genus  Eurystylus,  which  does  not  seem  to  have  been  generally 
adopted.  In  1861  Wood,  noticing  independently  the  peculiarities 
of  C,  flaccida,  proposed  the  sectional  name  Corythium  for  it.  It  is 
not  surprising  that  our  plant  should  differ  considerably  from  other 
species  of  Canna,  for  they  are  mostly  confined  to  the  tropics,  while 
C,  flaccida  is  definitely  known  only  from  South  Carolina,  Georgia 
and  Florida.  (But  Roscoe  says  Nuttall  found  it  on  the  Mississippi ; 
a  statement  which  deserves  investigation.) 

Whether  there  are  any  other  native  cannas  in  this  country  or 
not  is  a  little  uncertain.     Walter  describes  three  species,  as  already 
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noted,  and  Bartram  {Travels,  page  424)  mentions  a  luxuriant 
growth  of  C.  indica  along  the  Amite  River  in  Louisiana  in  the 
1 8th  century,*  at  which  time  one  would  hardly  suppose  it  could 
have  been  an  escape.  Pursh  also  mentions  C,  angustifolia  L.  as 
having  been  collected  in  Georgia  by  Enslen. 

Canna  flaccida  (or  horticultural  varieties  of  it)  is  often  seen  in 
cultivation,  but  it  is  not  certain  how  and  when  it  first  reached  the 
European  gardens  from  which  it  has  since  been  distributed.  Its 
occurrence  in  China  early  in  the  19th  century  or  before  is  a  mys- 
tery, unless  perhaps  it  is  indigenous  there  after  all,  like  some  other 
plants  of  the  Eastern  United  States.  Another  puzzling  thing  is 
that  most  European  authors  have  described  the  leaves  of  this 
species  as  glaucous,  but  this  does  not  seem  to  be  true  in  the  wild 
state. 

In  my  1903  collection  Canna  flaccida  is  represented  by  no. 
18 ig,  collected  on  June  13  in  Chatham  County  about  nine  miles 

west  of  Savannah.  At  this 
point  it  grows  abundantly  (and 
often  six  feet  tall)  in  low  woods 
and  even  spreads  over  an  ad- 
jacent railroad  embankment 
(There  can  be  no  question 
that  it  is  indigenous  there, 
though.)  I  saw  it  from  a  train 
at  the  same  place  two  years 
before,  and  in  August,  1902, 
I  noted  it  in  Charlton  and 
Camden  counties,  as  well  as  in 
the  adjoining  Nassau  County, 
Florida,  where  it  grows  in 
swamps  from  which  the  La- 
fayette formation  seems  to  be 
absent,  as  shown  by  the  oc- 
currence   of    Taxodium    dis- 

FIGURES.   Nearer  View  Of  a  Single  sped.     ^i,hum  2SiA   Certain    Other  sig- 

mtnoiCannaJlaccttiaino.iSig). 

nificant  plants.  The  photo- 
graphs reproduced  here  are  perhaps  the  firstj^ever  taken  of  this 
species  in  a  wild  state. 

*  Canna  ehgans  Raf.  (Fl.  Lud.  143.     1817)  is  based  on  Bertram's  description. 
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Epidendrum  conopseum  R.Br. 
This,  the  only  epiphytic  orchid  whose  range  extends  into 
Georgia,  is  very  hard  to  find  until  one  becomes  acquainted  with 
it,  as  I  know  from  my  own  experience  and  that  of  some  other  bot- 
anists, and  there  are  few  reliable  records  of  its  occurrence  in  the 
state.  Consequently  I  was  agreeably  susprised  to  find  it  in  full 
bloom  near  the  western  corner  of  Montgomery  County  on  July  3 
(^no.  18 J d).  This  locality  is  about  no  miles  from  the  coast  and 
200  feet  above  sea-level.  Later  in  the  season  I  saw  it  in  Dodge 
County  near  Eastman,  in  Dooly  County  near  Cordele,  and  in 
Early,  Decatur  and  Thomas  counties.  The  Dooly  County  sta- 
tion is  about  125  miles  from  the  Gulf  (the  nearest  salt  water),  and 
300  feet  above  sea-level.  At  all  these  stations  it  grew  on  Mag- 
nolia grandiflora,  and  usually  high  up  out  of  reach.  Its  prefer- 
ence for  this  tree  was  noted  long  ago  by  Nuttall,  who  says  in  his 
Sylva  of  North  America  (i :  97) :  **  It  appeared  there  [near  Sa- 
vannah] to  grow  on  no  other  tree ; "  as  well  as  by  Elliott  and  per- 
haps other  writers. 

Polygonella  Croomii  Chapm.  F1.  S.  States  387.     i860 

Type-locality :  **  In  Carolina  or  Georgia,  probably  in  the 
middle  districts,  Croomy 

I  would  refer  to  this  little-known  species  my  specimens  col- 
lected on  the  sand-hills  of  Gum  Swamp  Creek  in  Montgomery 
County,  September  10  (no.  igSs),  At  that  time  it  was  just  begin- 
ning to  flower.  Ten  weeks  earlier  I  had  seen  the  same  thing, 
without  flowers,  in  similiar  situations  in  Tattnall  County.  It  is  a 
diminutive  shrub,  not  over  a  foot  high  and  wide,  and  probably 
lives  only  a  few  years. 

Dr.  Small  in  his  remarks  on  this  genus  a  few  years  ago  *  refers 
P,  Croomii  to  P,  brachystachya  Meisn.,  a  Florida  species,  and  in  so 
doing  states  that  ''the  labels  show  that  Polygonella  Croomii  is 
from  *  South  Florida,*  and  not  from  *  Carolina  or  Georgia '  as  Dr- 
Chapman  records  in  the  Flora  of  the  Southern  United  States.*' 
This  is  not  strictly  correct,  however,  for  the  original  label  (in 
Chapman's  handwriting)  says  ** South  Florida?"  showing  that 
Chapman  was  in  doubt  about  the  locality,  as  he  had  good  reason 


♦  Bull.  Torrey  Club  23  :  407.     1896. 
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to  be,  for  there  is  no  evidence  that  Croom  was  ever  in  South 
Florida.  It  is  not  unlikely  that  Croom  got  his  specimens  of  it  on 
the  sand-hills  of  Brier  Creek,  on  the  road  from  Augusta  to  Louis- 
ville, where  he  is  known  to  have  collected  several  other  interest- 
ing plants. 

The  original  specimen  is  too  fragmentary  to  be  of  much  value 
for  purposes  of  comparison,  but  what  there  is  of  it  seems  to  be 
identical  with  my  no.  1^85,  It  has  longer  spikes  than  P.  brachys- 
tachya,  but  it  is  not  necessarily  specifically  distinct.  (With  this 
possible  exception  there  is  at  present  no  valid  species  bearing  the 
specific  name  Croomii,) 

Talinum  teretifolium  Pursh 

Grows  on  dry  outcrops  of  Altamaha  Grit  in  the  pine-barrens 
of  Tattnall  {no,  18^^,  June  26)  and  Dooly  counties,  where  it 
seems  as  much  at  home  as  on  granite  rocks  in  Middle  Georgia. 
Not  previously  known  from  the  coastal  plain.  (It  is  reported 
from  Florida  in  Dr.  SmalKs  Flora,  but  I  can  find  no  specimens  to 
confirm  this.) 

Paronychia  riparia  Chapm. 

This  species,  for  a  long  time  known  only  from  the  banks  of  the 
Flint  River  in  the  lime-sink  region,  now  turns  out  to  be  not  un- 
common in  Southeast  Georgia.  In  June  I  saw  it  more  than  once 
in  Tattnall  County,  on  July  3  I  collected  it  at  the  base  of  the 
sand-hills  of  Gum  Swamp  Creek  in  Montgomery  County,  where 
it  was  abundant  {no.  iS6p),  and  in  September  I  saw  it  on  both 
sides  of  the  Ocmulgee  River  near  Lumber  City,  and  on  the  sand- 
hills of  the  Altamaha  in  Liberty  and  Mcintosh  counties. 

GiBBESiA  Rugelii  (Shuttl.)  Small 
In  the  Altamaha  Grit  region  near  the  base  of  the  sand-hills  of 
the  Little  Ocmulgee  River  in  Montgomery  County  opposite  Lum- 
ber City,  September  10  (no.  ippo).  Previously  known  only  from 
Florida  and  the  lime-sink  regions  of  Decatur  and  Lowndes  coun- 
ties. 

Ceratophyllum  demersum  L. 

On  August  27  I  found  some  magnificent  but  apparently  sterile 
specimens  of  this  {no.  1^52)  growing  in  a  clear  cool  stream  four 
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or  five  feet  deep  issuing  from  a  **blue  spring"  in  the  Flint  River 
swamp  in  Dougherty  County  a  few  miles  below  Albany.  The 
plants  were  often  a  yard  long  or  more,  and  presented  a  beautiful 
appearance  waving  to  and  fro  about  the  white  sandy  bottom. 

Blue  springs  are  common  along  some  of  the  streams  of  the 
lime-sink  region,  particularly  the  Flint  River,  which  flows  through 
this  region  100  miles  or  more.  They  are  the  outlets  of  bold  sub- 
terranean streams,  and  their  bluish  color  is  due  to  the  dissolved 
limestone.  This  particular  spring,  known  in  the  vicinity  as  the 
Blue  Spring,  has  been  visited  by  several  botanists  and  at  least  one 
geologist,  and  I  am  informed  by  the  latter  that  its  flow  is  about 
70,000,000  gallons  a  day. 

PODOSTEMON  CERATOPHYLLUS    Michx. 

Collected  on  August  26  on  submerged  limestone  rocks  in  very 
swift  water  at  the  shoals  of  Muckafoonee  *  Creek  near  its  con- 
fluence with  the  Flint  River  a  mile  or  two  above  Albany  (no,  1950), 
Not  previously  reported  from  the  coastal  plain,  f 

The  proposed  conversion  of  these  remarkable  shoals  into  a 
source  of  water-power  threatens  the  destruction  of  the  Podostemon, 

TiARELLA  CORDIFOLIA    L. 

Observed  in  rich  damp  shady  woods  in  Clay  County  near 
Fort  Gaines  on  July  23.  Rare.  This  seems  to  be  its  southern 
limit,  as  far  as  known.  Dr.  Mohr  %  has  reported  it  from  Suggs- 
ville,  Alabama,  which  is  in  the  same  latitude  (3i°35')»  and  Wood  § 
mentions  its  occurrence  near  Eufaula,  Alabama,  which  is  about 
twenty  miles  farther  north. 

Crataegus  georgiana  Sarg.     Bot.  Gaz.  33:  113.     1902; 

Silva  N.  Am.  13  :  63.  //.  64.^,     1902. 
The  only  Crataegus  I  collected  in  1903  {no,  1973)  belongs  to 
this  species,  according  to  Mr.  Beadle,  who  identified  it.     It  was 

*  a  modern  name,  coined  a  few  years  ago  by  citixens  of  Albany  for  this  creek 
(which  is  only  a  mile  or  two  in  length)  from  the  names  of  its  two  affluents,  Muckalee 
and  Kinchafoonee. 

t  An  early  and  little-known  record  of  a  Georgia  station  for  this  species  (in  the  Paleo- 
roic  region)  occurs  in  a  paper  by  Julien  Deby,  entitled  **  Relation  succinte  d*une  ex- 
cursion faite  aux  bords  de  1  Oostanaula  en  Gtorgie,  £tats-Unis"  (Bull.  Soc.  Malacol. 
Belg.  la:  (3)-(7).     i877). 

jContr.  U.  S.  Nat.  Herb.  6:  534.     1901. 

J  Gass-Book  370.     1861. 
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previously  known  only  from  the  type-locality,  "  low  meadows,  in 
rich  moist  soil  near  Rome,"  in  the  Palaeozoic  region ;  but  I 
found  it  in  the  swamp  of  the  Ocmulgee  River  in  Twiggs  County 
about  a  mile  above  Westlake,  on  September  7.  There  it  was 
associated  with  two  palmettos,  Rhapidophyllum  Hystrix  and  Sabal 
Adansonii,  which  are  of  course  wanting  at  the  type-locality.  But 
the  two  localities  have  at  least  one  feature  in  common,  calcareous 
soil.  My  specimens  came  from  a  small  tree  about  two  inches  in 
diameter  and  fifteen  feet  tall. 

Petalostemon  Feayi  Chapm. 
Collected  on  the  sand-hills  of  the  Altamaha  River  in  Liberty 
County,  September  14  {no,  ipps)f  mostly  past  flowering.  Pre- 
viously known  only  from  peninsular  Florida.  This  plant  bears 
a  striking  resemblance  to  Kuhnistera  pinnata,  for  which  it  might 
easily  be  mistaken  when  not  in  flower. 

Geranium  maculatum  L. 

Seen  in  rich  woods  at  several  points  in  the  northern  half  of 
Randoph  County,  July  16,  17  and  18.  Apparently  not  reported 
from  the  coastal  plain  before. 

Euphorbia  floridana  Chapm.  Fl.  S.  States  401.     i860 
E,  sp/uzerosperma  Shuttl. ;  Boiss.  in  DC.  Prodr.  15^:  102.     1862  ; 

Ic.  Euph.  17.  //.  5^.      1866. 
Tithymalus sphaerospermus  Small,  Fl.  S.  E.  States  719.     1903. 

Collected  in  dry  sand  (sand-hills  ?)  near  the  Flint  River  be- 
tween the  state  line  and  Recovery,  Decatur  County,  August  14 
{no.  T^Ji)*  Previously  known  only  from  Florida  and  Alabama. 
(A  chance  to  make  a  new  combination  will  be  noticed  in  the  above 
synonymy.) 

Staphylea  trifolia  L. 

Fruiting  specimens  were  collected  on  August  11  on  the  bank 
of  the  Chattahoochee  River  near  Mill  Port  Landing,  Decatur 
County  (just  about  opposite  the  southeastern  comer  of  Alabama), 
in  latitude  3 1  °  {no,  1^26),  Altitude  about  90  feet.  The  occur- 
rence of  this  species  here  was  quite  a  surprise,  for  it  is  principally 
confined  to  the  mountains.  The  southernmost  stations  previously 
known  for  it  were  Germain's  Island  in  Columbia  County,  in  the 
Piedmont  region,  where   I   collected  it  in  June,   1902,  and   the 
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banks  of  the  Chattahoochee  in  Quitman  County,  60  miles  north  of 
the  present  station,  where  I  saw  it  in  October  of  the  same  year. 
In  reaching  its  southern  limit  on  the  Chattahoochee  River,  Staphylea 
trifolia  resembles  the  considerable  number  of  Alleghanian  species 
which  extend  down  to  River  Junction,  about  30  miles  farther 
south.     (See  Chapman  in  Bot.  Gaz.  10  :  254.      1885.) 

Triadenum  longifouum  Small,  Bull.  Torrey  Club  25  : 
140,  141.     1898 

Collected  on  September  5  in  the  muddy  swamp  of  the  Ocmulgee 
River  in  Bibb  County  about  two  miles  below  Macon  {no,  1971). 
Intimately  associated  with  T.  peiiolatum^  which  it  much  resembles  ; 
but  the  fact  of  their  growing  together  without  intergrading  is  pretty 
good  evidence  that  these  two  species  are  distinct.  T,  longifolium 
was  previously  known  only  from  the  original  specimens  collected 
by  Rugel  in  Alabama  and  Florida  in  1843. 

To  found  a  new  species  on  a  dried  specimen  which  has  been 
accessible  to  botanists  for  over  half  a  century  is  a  practice  not 
usually  to  be  commended,  but  in  this  case  the  subsequent  develop- 
ments seem  to  have  justified  it. 

Viola  tripartita  glaberrima  (Ging.)  Harper 
Rather  common  in  rich  shady  woods  in  Randolph  County 
{no,  18S1),  Although  this  is  said  to  intergrade  with  V,  tripartita 
in  Alabama  *  and  elsewhere,  there  is  no  such  intergradation  in 
Southwest  Georgia,  for  the  simple  reason  that  V,  tripartita  does 
not  grow  there,  or  anywhere  else  in  the  coastal  plain,  as  far  as 
known.  However,  I  am  not  prepared  to  raise  the  variety  to 
specific  rank. 

Mr.  Pollard  has  assumed  f  that  V,  tripartita  glaberrima  does 
not  range  south  of  Athens,  Georgia,  its  place  being  taken  farther 
south  by  his  F.  tenuipes  (a  species  which  I  have  not  yet  collected) ; 
which  assumption  was  justifiable  at  that  time,  no  specimens  of  var. 
glaberrima  from  South  Georgia  being  then  known. 

*  Mohr,  Contr.  U.  S.  Nat.  Herb.  6  :  628.  1901.  But  Dr.  Mohr'i  statement  is 
inconsistent  with  other  evidence  on  the  same  page,  for  he  reports  V,  tripartita  only 
from  Lee  County  (but  neither  form  is  mentioned  in  Earle's  later  Flora  of  the  Meta- 
morphic  Region)  and  the  var.  glaberrima  only  from  Tuscaloosa  County. 

t  Proc.  Biol.  Soc.  Wash.  15  :  202.     1902. 
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Lythrum  Curtissii  Fernald,  Bot  Gaz.  33  :  155.  1902 
Not  rare  in  the  muddy  swamp  of  Spring  Creek  near  Colquitt, 
Miller  County,  Aug.  4  {no,  1918) ;  also  seen  on  the  bank  of  the 
same  creek  near  Brinson,  Decatur  County,  eight  days  later. 
These  two  stations  are  almost  in  a  direct  line  between  the  type- 
locality  in  Calhoun  County  and  the  other  station  (Aspalaga, 
Florida)  mentioned  in  the  original  description. 

This  species  is  not  mentioned  in  Koehne*s  recent  monograph  of 
the  Lythraceae  (Engler's  Pflanzenreich,  Heft  17.    October,  1903). 

Eryngium  praealtum  Gray,  Bost.  Jour.  Nat.  Hist.  6  :  210. 
1850.     (PL  Lindh.) 

This  species  has  been  united  by  Coulter  and  Rose  with  E, 
aquaticum  L.  {E,  inrginianum  Lam.),  but  it  is  distinct,  certainly 
varietally  if  not  specifically.  On  June  18  I  collected  it  for  the  first 
time,  in  the  swamp  of  the  Savannah  River  in  the  southeastern 
corner  of  Effingham  County  {no,  18 j^).  It  was  not  yet  in  flower, 
and  probably  did  not  begin  to  flower  until  July  or  August.  The 
river  was  so  high  at  the  time  *  that  the  plants  were  about  half  sub- 
merged, and  I  had  to  use  a  boat  to  get  them.  My  station  is 
within  20  miles  of  Blufflon,  S.  C,  where  Dr.  Mellichamp  collected 
the  same  plant.  There  is  also  a  specimen  in  the  herbarium 
of  the  New  York  Botanical  Garden  collected  by  my  friend  Mr. 
M.  H.  Hopkins  in  a  **  marshy  spot  just  below  Savannah,  Aug.  9, 
1897."  This  station  is  about  the  same  distance  from  the  two  just 
mentioned  as  they  are  from  each  other. 

Dr.  Gray's  comparison  of  the  leaves  of  this  species  to  those  of 
a  Rumex  is  a  very  apt  one.  I  mistook  the  plant  for  a  Rumex  my- 
self until  I  saw  its  budding  inflorescence. 

Many  if  not  most  of  the  larger  leaves  bore  an  appendage  the 
like  of  which  I  have  never  seen  described,  consisting  of  what  was 
essentially  a  smaller  leaf  2-6  cm.  long,  attached  near  the  middle 
of  the  uppe  r  surface  of  the  true  leaf,  with  its  ventral  surface  fac- 
ing that  of  the  leaf,  its  dorsal  surface  more  or  less  concave,  and 
its  midrib  adnate  for  most  of  its  length  to  that  of  the  leaf.  This 
appendage  was  too  common  to  be  considered  a  mere  monstrosity, 
but  I  will  not  attempt  to  explain  it.     I  noticed  that  some  insect 

*  See  second  footnote  on  page  149. 


Digitized  by 


Google 


Harper:   Explorations  in  Georgia  1903  165 

or  spider  had  woven  a  dense  web  in  some  of  the  larger  appen- 
dages, but  this  may  not  mean  anything. 

Eryngium  aromaticum  Baldw. 

In  dry  sand  near  Jesup,  Wayne  County,  in  fl  ower,  September 
14  {no.  ippS,)  This  extends  its  known  range  about  50  miles 
northward.  I  found  this  plant  near  the  Florida  line  in  Charlton 
and  Clinch  Counties  in  August,  1902,  but  before  that  it  had  been 
known  only  from  Florida.  * 

The  ^^  Eryngium  foetidutn  L."  mentioned  by  Michaux  and 
Pursh,t  is  in  all  probability  E,  aromaticum^  which  of  course  had 
not  then  been  distinguished,  though  Michaux  must  have  seen  the 
plant  on  his  travels  in  northeastern  Florida,  where  it  is  often  col- 
lected. Walter  also  mentioned  an  E,  foetidum,  the  description 
of  which  sounds  more  like  what  we  now  call  E.  virginianum  Lam. 
He  of  course  never  saw  Baldwin's  plant,  for  it  does  not  grow  in  his 
territory. 

Elliottia  racemosa  Muhl. 

Since  reporting  this  species  from  Telfair  County,  J  I  have  found 
still  another  station  for  it,  about  forty  miles  farther  south,  namely, 
in  very  dry  pine-barrens  just  north  of  Douglas,  Coffee  County, 

*  In  the  Torrey  Herbarium  there  is  a  specimen  of  it  labeled  "  Near  Fort  King, 
Alabama.  Lt,  Alden^  '^^Z'S^ y  ^^^  ^y  reason  of  this  specimen  it  has  been  credited  to 
Alabama  in  Coulter  and  Rose's  Revision  (1888)  and  Monograph  (1900)  of  North 
American  Umbelliferae^  and  in  SmalPs  Flora  of  the  Southeastern  States  (1903).  But 
this  species  is  not  mentioned  in  Dr.  Mohr*s  Plant  Life  of  Alabama  (1901),  and  on 
investigating  I  find  that  the  *' Alabama''  on  the  label  must  be  a  clerical  error.  Tor- 
rey and  Gray  were  not  misled  by  it,  but  it  seems  strange  that  they  did  not  correct  the 
label.  Fort  King  is  (or  was)  in  Marion  County,  Florida,  near  the  present  city  of 
Ocala,  and  a  battle  was  fought  there  April  28,  1840,  so  it  is  extremely  likely  .that  this 
is  the  place  where  Lieut.  Alden  was  stationed  in  1833.  Further  evidence  as  to  the 
field  of  Lieut.  Alden' s  botanical  operations  is  found  in  Torrey  and  Gray's  Flora  of 
North  America,  In  the  preface  (p.  xii)  they  say:  "From  Southern  and  Eastern 
Florida  we  have  received  interesting  collections  from  .  .  .  Lieut.  Alden  of  the  United 
States  Army.  "  (And  this  gentleman  is  not  mentioned  among  their  contributors  from 
Alabama.)  In  the  same  volume  under  Eryngium  aromaticum  (page  604),  they  say: 
"  Dry  pine  woods,  East  and  Middle  Florida,  Baldwin  /  Dr.  Leavenworth !  Mr. 
Alden  i"*^  So  we  have  no  evidence  that  E.  aromaticum  grows  within  140  miles  of 
Alabama.  Errors  of  this  kind  usually  die  hard,  so  I  have  gone  into  considerable  detail 
in  order  to  suppress  this  one. 

t  See  C.  &  R.  Rev.  N.  Am.  Umbell.  99.  1888 ;  Contr.  U.  S.  Nat.  Herb.  7 : 
250.     1900. 

X  Torreya  3  :  106.     1903. 
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where  I  collected  it  on  the  morning  of  September  22,  long  past 
flowering  {no,  20 ii),"^  None  of  the  plants  were  over  three  or  four 
feet  tall.  Elliottia  is  a  very  ordinary-looking  bush  when  not  in 
flower,  and  might  easily  be  mistaken  for  something  else,  particu- 
larly for  Diospyros  virginiana,  a  small  form  of  which  sometimes 
grows  in  similar  situations. 

Azalea  Candida  Small 

Seen  only  on  outcrops  of  Altamaha  Grit,  in  Tattnall  County, 
June  24  {no.  185S)  and  26,  and  in  the  northeastern  comer  of  Coffee 
County,  September  1 1 .  Previously  reported  only  from  the  type- 
locality  in  Lowndes  County,  but  on  what  formation  is  not  known. 
At  the  time  I  collected  it,  it  was  long  past  flowering ;  f  and  the 
flowers  are  not  yet  known,  except  from  a  few  shrivelled  fragments 
on  the  type-specimens,  which  were  collected  at  about  the  same 
time  of  year  as  mine.  This  species  is  probably  nearest  related  to 
A,  canescens  Mx. 

Dicerandra  odoratissima  Harper 

Noticed  on  the  sand-hills  of  the  Altamaha  River  in  Liberty 
County,  September  14.  Here  the  corollas  were  often  slightly 
tinged  with  pink,  making  an  approach  in  this  respect  to  the  other 
species  of  the  genus.  Captain  LeConte's  specimen  (mentioned  in 
my  original  description)  %  may  have  come  from  near  this  place. 

Pentstemon  dissectus  Ell. 
After  having  been  lost  to  science  for  seventy  years  or  so, 
this  species  was  collected  on  outcrops  of  Altamaha  Grit  near  the 
Ohoopee  River  in  Tattnall  County  on  June  24,  in  fruit  {no.  18 j6), 
and  seen  in  similar  situations  in  Dooly  County  on  August  29,  It 
has  a  rather  interesting  history.  It  was  described  by  Elliott  from 
specimens  sent  **  from  Louisville,  Georgia,"  by  James  Jackson, §  but 

'*^On  May  1 1,  1904,  I  revisited  this  spot  and  found  that  it  had  just  been  burned 
over  and  the  Elliottia  completely  denuded,  but  most  of  the  specimens  were  putting  out 
new  leaves  again. 

t  On  April  26,  1904,  I  revisited  the  spot,  and  it  was  just  past  flowering  then. 

X  Bull.  Torrey  Club  a8  :  479.     1901. 

{  This  James  Jackson,  afterward  a  professor  in  the  University  of  Georgia,  seems  to 
have  been  a  son  of  the  General  James  Jackson  who  was  governor  of  Georgia  from  1798 
to  1 80 1,  at  which  time  Louisville  was  the  capital  of  the  state. 
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it  is  not  likely  that  the  specimens  were  collected  close  to  Louisville, 
for  Mr.  M.  H.  Hopkins,  a  very  observant  botanist  who  has  lived 
in  Louisville  for  years  and  is  familiar  with  the  surrounding  country, 
tells  me  that  he  has  never  seen  this  plant.  But  the  Altamaha 
Grit  country  comes  within  fifteen  miles  of  Louisville,  and  if  there 
arc  any  rock  outcrops  in  that  part  of  it,  it  may  have  been  on  one 
of  them  that  Mr.  Jackson  found  the  Pentstemon,  It  was  a  common 
practice  in  Elliott's  time  (and  continues  to  some  extent  to  the 
present  day,  unfortunately)  for  authors  to  cite  as  localities  for 
their  specimens  merely  the  nearest  town,  or  the  place  from  which 
they  were  sent. 

Croom*  has  published  the  following  note  on  this  species  : 
"Abundant  in  wet  Pine  woods,  between  the  Oakmulgee  and 
Oconee  Rivers,t  Georgia.  Flowers  in  May.'*  His  statement 
that  it  grows  in  wet  places  is  rather  puzzling  (unless  perhaps  he 
saw  it  in  rainy  weather,  when  everything  was  wet),  for  I  find  it  on 
dry  rocks.  I  And  I  do  not  quite  understand  its  being  abundant, 
or  growing  so  far  inland. 

The  fruit  of  Pentstemon  dissectus  has  never  been  described, 
but  it  does  not  differ  noticeably  fronf^  that  of  P,  hirsutus  (the  com- 
mon species  in  Georgia). 

Utricularia  resupinata  B.  D.  Greene 
On  the  miry  margin  of  a  large  shallow  grassy  pine-barren 
pond  in  the  lime-sink  region  of  Decatur  County  about  two  miles 
southwest  of  Donalsonville,  August  1 1  {no.  1^25).  Not  previously 
reported  from  Georgia,  or  from  any  other  southern  state  except 
Florida. 

Stokesia  laevis  (Hill)  Greene 
This  species  has  the  reputation  of  being  rare,  therefore  the  an- 
nouncement of  a  station  for  it  in  Georgia  may  be  of  interest.  On 
September  9  I  collected  it  in  moist  pine-barrens  in  Dodge  County 
near  Suomi,  in  the  Altamaha  Grit  region  {no,  igSo).  It  was 
already  past  flowering. 

*  Am.  Jour.  Sci.  25  :  76.     1834. 

t  Doubtless  somewhere  between  the  modern  cities  of  Dublin  and  Hawkinsville, 
through  or  near  which  points  Croom  is  known  to  have  passed. 

X  The  same  discrepancy  exists  between  the  type-habitat  and  present  known  habitat 
of  Gerardia  Plukenetii  Ell.     See  Mohr,  Contr.  U.  S.  Nat.  Herb.  6  :  727.     1901. 
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Carphephorus  tomentosus  (Michx.)  T.  &  G. 
This  species  seems  to  have  such  a  limited  distribution  in 
Georgia  that  a  few  stations  for  it  may  be  worth  mentioning.  I 
have  seen  it  only  in  rather  dry  nearly  flat  pine-barrens  in  the  lower 
part  of  the  Altahama  Grit  region  or  between  that  and  the  coast,  in 
the  counties  of  Appling,  Wayne  and  Pierce.  In  September,  when 
it  was  in  flower,  I  saw  it  at  the  following  places.  In  Appling : 
near  Prentiss  [no,  rppj),  and  between  Southern  Pines  and  Hurst 
(two  stations  on  the  B.  &  B.  R.  R.) ;  in  Wayne  :  near  Hortense 
and  Nahunta ;  and  in  Pierce,  between  Oflerman  and  Bristol. 

Chondrophora  virgata  (Nutt.)  Greene, 
Erythea  3:  91.  1895 
This  little  known  species  has  an  interesting  and  rather  anom- 
alous distribution  and  somewhat  of  a  history.  The  only  definite 
stations  for  it  now  on  record  are  in  the  mountains  of  Alabama,  on 
Carboniferous  sandstone.  Its  occurrence  there  has  been  de- 
scribed or  discussed  by  Mohr,*  Kearney  f  and  Harbison  J  ;  and  I 
have  seen  an  immature  specimen  collected  somewhere  in  the  same 
region  by  Eggert.  In  1903  I  met  with  it  quite  unexpectedly  in 
Georgia,  two  or  three  hundred  miles  from  the  Alabama  localities 
and  in  very  different  surroundings  from  those  previously  described, 
but  associated  with  a  few  of  the  same  species  which  are  said  to  ac- 
company it  in  Alabama.  I  found  it  only  on  outcrops  of  Alta- 
maha  Grit,  in  Tattnall  {no.  i8jy)  and  Dooly  {no,  /8jj)  counties. 
At  the  latter  station  C  nudata  (which  is  very  abundant  in  almost 
all  moist  pine-barrens)  was  growing  only  a  few  yards  away,  but 
the  two  species  were  perfectly  distinct,  though  flowering  at  the 
same  time.  There  can  be  little  doubt  of  the  identity  of  my  speci- 
mens with  those  from  Alabama,  but  whether  any  of  these  are  the 
same  as  Nuttall's  type  is  another  question,  as  Dr.  Mohr  pointed  out. 

Chrysoma    pauciflosculosa  (Michx.)  Greene,  Erythea  3 : 

8.    1895 
This,  usually  considered  a  sea-beach  plant,  §  also  occurs  some 
distance  in  the  interior.     On    September   10  I   found  it  at  two 

*  Bull.  Torrey  Club  24  :  28.    1897  ;  Contr.  U.  S.  Nat.  Herb.  6  :  79,  771.    1901. 

t  Science  II.  12  :  833.     30  N  1900. 

X  Biltmore  Hot.  Stud,  i  :  i$3.     1902. 

\  See  Lloyd,  Bull.  Torrey  Club  a8  :  445-450.     1 90 1. 
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places  on  the  western  border  of  Montgomery  County,  on  the  sand- 
hills of  Gum  Swamp  Creek  {no.  ipS6)  and  its  continuation,  the 
Little  Ocmulgee  River.  The  bushes  were  about  a  meter  tall,  and 
just  beginning  to  flower.  In  the  Torrey  Herbarium  there  is  a 
specimen  collected  by  Croom  still  farther  inland,  on  the  sand-hills 
of  Brier  Creek,  Georgia  (doubtless  on  the  Augusta-Louisville  road, 
near  where  Richmond,  Burke  and  Jefferson  counties  meet),  and 
it  is  mentioned  in  some  of  Croom's  letters  to  Torrey. 

Aster  eryngiifolius  T.  &.  G.  Fl.  N.  Am.  2:  502.     1843 

Prionopsis  Chapmanii  T.  &  G.  Fl.  N.  Am.  2:  245.  1842.  Not 
Aster  Chapmanii  T.  &  G.  Fl.  N.  Am.  2  :  161.  1841. 
In  moist  undulating  pine-barrens  about  a  mile  east  of  Recov- 
ery, Decatur  County,  August  14  {no,  ipj2) ;  so  rare  that  I  could 
find  only  two  or  three  good  specimens.  This  locality  is  near  the 
extreme  southwest  end  of  the  Altamaha  Grit  region.  The  species 
has  been  previously  reported  only  from  Florida,  but  on  what  for- 
mation it  is  of  course  not  stated. 

Antennaria  solitaria  Rydb. 

Abundant  at  one  place  in  rich  shady  woods  near  Cuthbert, 
July  28  {no,  ipoj).  This  is  the  only  station  known  for  it  in  the 
coastal  plain,  with  the  exception  of  Carpenter's  original  station  in 
Louisiana,*  which  probably  has  not  been  rediscovered.  A,  plan- 
taginifolia,  which  I  have  also  never  seen  farther  south,  grows  in 
drier  places  in  the  same  woods. 

Acanthospermum  hispidum  DC.  Prodr.  5:  522.  1836 
Rather  abundant  in  waste  places  along  the  river  road  in  the 
outskirts  of  Darien,  Sept.  16  {no,  /ppp).  A  native  of  South 
America,  not  previously  reported  from  the  United  States.  It  has 
a  very  different  aspect  from  its  now  too  common  congener  A,  aus- 
trale^  being  an  erect  bushy  plant  sometimes  a  meter  tall  and  wide. 

*  T.  &  G.  Fl.  N.  A.  a  :  431.  1843.  What  part  of  Louisiana  is  not  specified, 
bat  a  note  in  Carpenter's  handwriting,  accompanying  the  specimen  in  the  Torrey  Her- 
barium, says :  **  Sides  of  steep  hills,  near  Jackson,  La.  Feby.  loth.**  Jackson  (or 
at  least  the  modem  settlement  of  that  name)  is  in  East  Feliciana  Parish,  considerably 
nearer  the  coast  and  farther  south  than  my  station,  and  hundreds  of  miles  from  any 
other  known. 
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A  specimen  labeled  "  Ballast  ground,  Pensacola,  Florida/'  col- 
lected by  A.  H.  Curtiss,  August  2,  1899  {no,  djor,  distributed  as 
A,  humile  DC.)  is  identical  with  my  plant. 

Helianthus  heterophyllus  Nutt. 
This  seems  to  be  quite  rare  in  Georgia.     I  saw  it  in  September 
in  rather  dry  pine-barrens  near  Jesup  and  Offerman,  but  not  in 
sufficient  quantity  to  collect. 

Baldwinia  atropurpurea  Harper 
Principally  confined  to  the  Altamaha  Grit  region,  but  seen 
also  in  September,  1903,  in  the  nearly  flat  pine-barrens  of  Wayne 
and  Pierce  counties,  where  the  Grit  may  possibly  be  overlaid  by 
some  newer  formation.  In  Wayne  County  it  is  quite  common, 
and  I  secured  excellent  specimens  near  Nahunta  on  the  19th  {no, 
2007).  A  few  days  later  I  found  it  in  two  additional  counties  well 
within  the  Grit  region,  namely.  Coffee  and  Wilcox.  Traveling 
from  Douglas  to  Cordele  on  the  23d,  a  distance  of  about  65  miles 
through  the  Altamaha  Grit  region,  I  noted  this  plant  seventeen 
times,  between  different  mile-posts,  in  four  counties.  (That  such 
a  common,  conspicuous  and  unmistakable  plant  should  have  been 
overlooked  until  the  end  of  the  19th  century  is  a  striking  illustra- 
tion of  how  little  the  interior  of  South  Georgia  has  been  explored 
by  botanists.*) 

Marshallia  ramosa  Beadle  &  F.  E.  Boynton 
This  recently-described  species  seems  to  have  considerable 
variation  in  habitat.  It  was  discovered  in  1900  **in  moist,  sandy 
pine-lands  at  [or  near?]  Eastman,  Georgia.**  In  1902  I  found 
it  in  dry  pine-barrens  in  Johnson  County,t  and  in  1903  I  found  it 
only  on  outcrops  of  Altamaha  Grit,  in  Tattnall  {no,  iSjj)  and 
Dodge  counties.  The  latter  station  is  only  a  couple  of  miles 
from  Eastman,  and  therefore  somewhere  near  the  type-locality. 

Mesadenia  diversifolia  (T.  &  G.)  Greene 
Cacalia  diversifolia  T.  &  G.  Fl.   N.  Am.  2  :   435.   1 843  ;   Chapm. 
Fl.    S.    States   244.      i860.     Type-locality  (according  to  Dr. 
Chapman,    the  discoverer)  :    **  Muddy  banks   of  the  Chipola 
River,  [near?]   Marianna,  West  Florida.*' 

*  But  that  part  of  the  railroad  from  which  these  seventeen  observations  were  made 
did  not  exist  in  the  summer  of  1900,  when  the  species  was  discovered. 
t  See  Bull.  Torrey  Club  31  :   27.      1 904. 
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Mesadenia  difformis  Small,    Fl.     S.   E.     States     1301.       1903. 

Type-locality :     Walton     County,    Florida.      (Collected    by 

Curtiss  in  1885.) 

When  I  was  assisting  Dr.  Small  in  preparing  a  key  to  Mesa- 
denia for  his  Flora  we  could  find  no  specimen  of  M,  diversifolia^ 
and  came  very  near  omitting  this  species  entirely  as  being  too 
little  known.  The  original  specimens,  collected  by  Chapman, 
must  have  been  lost,  as  the  material  so  labeled  in  the  Torrey  Her- 
barium represents  something  very  different,  and  inquiry  at  the 
Gray  Herbarium  failed  to  reveal  anything  corresponding  to  the 
original  description. 

But  within  two  weeks  after  the  book  was  given  to  the  public 
I  unexpectedly  received  a  great  deal  of  new  light  on  the  subject. 
On  August  4  I  found  specimens  agreeing  exactly  with  Chapman's 
description  (as  far  as  it  goes)  in  the  muddy  swamps  of  Spring 
Creek  at  two  different  places :  in  Early  County  near  Damascus 
(no.  1914)  and  in  Miller  County  near  Colquitt  (no,  1917.)  A 
couple  of  months  later  I  saw  in  the  Biltmore  Herbarium  a  good 
specimen  collected  on  the  muddy  banks  of  the  Chipola  River  near 
Marianna,  Florida  (the  type-locality,  apparently),  by  C.  L.  Boyn- 
ton,  August  31,  1899. 

One  important  character  can  now  be  added  to  the  descriptions 
of  this  species ;  viz.,  the  involucral  bracts  have  winged  keels,  as 
in  M,  tuberosa,  M.  Floridana^  and  M,  sulcata,  M,  diversifolia  dif- 
fers from  these  three  species,  however,  in  having  the  stem  merely 
angled,  not  furrowed  (just  as  Dr.  Chapman  indicated),  as  well  as 
in  the  lobed  upper  leaves  and  in  habitat. 

M,  difformis  Small,  based  on  a  single  immature  specimen  col- 
lected in.  Walton  County,  Florida,  by  A.  H.  Curtiss  in  1885,  now 
proves  to  be  merely  a  young  state  of  M,  diversifolia,  and  must  be 
relegated  to  synonymy. 

As  now  understood,  Mesadenia  diversifolia  has  a  very  restricted 
range,  being  known  only  from  Early  and  Miller  counties  in  Georgia 
and  Jackson  and  Walton  counties  in  Florida,  all  of  which  are  wholly 
or  partly  in  the  Lower  Oligocene  or  lime-sink  region.  It  is  also 
to  be  expected  in  the  intervening  counties  of  Decatur  in  Georgia 
and  Houston  in  Alabama. 

CoLLECK  Point,  Nkw  York. 
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The  Publications  of  the  Department  of  Botany^  Co- 
lumbia University f  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.  Small.    A  Monograph  of  the  North  American  Species  of 

t\ie  GttiMS  Polygonum.     Pp.  178.    84  plates.    1895.    Price, 

six  dollars. 
Vol.  II.  Rydberg.    A  Monograph  of  the  North  American  Potcn- 

tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  L  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos.6, 7, 
1 1 ,  20.  These  can  be  supplied  at  twenty  five  cents  eadi, 
except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26, 28, 29,  32,  33,  34, 36, 
39.  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  50,  52,  54.  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifly  cents, 
and  Nos.  loi,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  1 26-1 50  ( 1 897-1 898).  Five  dollars.  Nos.  1 33, 1 36^ 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume ;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Hve  dollars.  Nos.  157  and 
158*  cannotfbe  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos  157  and  158,  with  the  set  of  eleven  papers  hf  Mr.  Bieknell  on  Sis/rincAimm, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany. 

New  York  citv. 
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CONTRIBUTIONS  PROM  THE  DEPARTMENT  OP  BOTANY 
OF  COLUMBIA  UNIVERSITY— No.  217 


A  SUMMARY  OF  CHARLES  WRIGHT'S 
EXPLORATIONS  IN  CUBA 


By  LUCIEN  MARCUS  UNDERWOOD 
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in  Cuba  covered  a  period  of  nearly  ten  years.  He  arrived  in 
Santiago  de  Cuba  25  November  1856,  and  returned  to  New  York 
9  September  1857.  His  second  voyage  brought  him  to  Santiago 
30  November  1858  and  he  left  Havana  for  New  York  28  July 
1864.  His  third  trip  commenced  in  May  1865  and  he  returned 
in  July  1867. 

In  order  to  determine  more  accurately  Wright's  exact  route 
in  Cuba,  the  writer  applied  to  Miss  M.  A.  Day,  the  librarian  of 
the  Gray  herbarium,  for  information  regarding  Wright's  field 
notes  or  other  sources  of  information  that  might  exist  at  Cam- 
bridge. Through  her  kind  intervention,  it  was  made  possible  to 
examine  the  extensive  series  of  letters  written  by  Wright,  during 
his  long  residence  in  Cuba,  to  Dr.  Asa  Gray.  These  are  now  in 
the  possession  of  Mrs.  Gray  and  it  is  owing  to  her  generosity  that 
we  were  able  to  consult  at  our  pleasure  the  long  series,  which  con- 
sists of  some  two  hundred  finely  written  and  often  long-continued 
letters  which  are  full  of  valuable  notes  on  the  flora.  The  time 
will  come  when  the  publication  of  these  letters,  or  excerpts  from 
them,  will  form  a  valuable  commentary  on  Cuban  plants.  The 
tedious  perusal  of  these  letters  was  diversified  by  Wright's  ac- 
counts of  his  experiences,  some  of  which  were  almost  the  dupli- 
cate of  our  own,  and  more  especially  by  the  side-notes  on  the 
political  situation  existing  in  our  country  during  the  stormy  and 
tumultuous  period  of  the  Civil  War  (i  861- 1865).  It  would  ap- 
pear that  Wright  was  a  northern  Democrat,  and  his  previous 
travels  in  the  South  had  led  him  to  understand  the  problem  from 
a  broader  standpoint  than  many  of  the  residents  of  New  England, 
whose  bias  was  in  great  measure  due  to  this  lack  of  exact  informa- 
tion of  the  real  situation,  and  his  vigorous  statements  were  evidently 
called  forth  by  equally  strong  sentiments  from  his  correspondent. 

As  we  are  concerned  at  present  only  with  the  matter  of 
Wright's  itinerary,  we  will  cite  only  the  dates  and  localities  where 
the  letters  were  written,  with  suflScient  of  the  context  to  explain 
the  locality  and  the  direction  of  the  course  of  exploration. 

was  also  engaged  part  of  the  time  in  collecting  shells  and  other  things,  especially  after 
he  met  Gundlach.  In  Dr.  Gray's  Letters  (a  :  555)  these  sentences  explain  the  cause  of 
the  loss  :  *'  April  8th.  It  grieves  my  heart  and  will  grieve  yours  badly  when  I  tell  yon 
that  your  boxes  were  put  under  a  cargo  of  wet  sugar,  which  drained  into  them  and  have 
\sic\  ruined  the  collection.  ...  As  to  specimens  to  dispose  of,  say  only  one-half  or 
one-third  of  the  whole  mass  is  left  fit  for  it." 
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This  list  of  Wright's  stations  has  been  submitted  to  Professor . 
F.  S.  Earle,  Director  of  the  Estacion  Central  Agronomica  at 
Santiago  de  las  Vegas,  Cuba,  whose  familiarity  with  the  country 
has  enabled  him  to  locate  certain  places  and  estates  on  the  map  of 
Cuba  that  would  have  been  impossible  to  one  less  familiar  with 
the  geography  of  the  region.  In  time,  it  may  be  possible  to  locate 
with  accuracy  the  remaining  stations,  which  are  as  yet  unknown 
except  from  the  brief  and  often  unsatisfactory  hints  in  Wright's 
correspondence.  The  notes  added  by  Professor  Earle  to  the  ac- 
count are  marked  with  his  initial  —  E. 

Summary  of  Charles  Wright's  Correspondence  with  Asa  Gray 

I 
1856.  25  N      Santiago. 

6  D      Cobre  ;  written  on  third  day  of  stay  at  that  place. 

18  D      Filantropia  (Mr.  Bradford's  estate)  12  miles  from  Cobre  "among  the 
mountains. ' ' 
1^57.  15  Ja     Filantropia. 

7  F       Filantropia.    Mentions  **  two  high  points  near  here,"  viz.,  Nima-nima* 

and  Loma  del  Gato. 
6  Mr    Filantropia.     Speaks  of  going  to  Saltadero. 
9  Mr    Filantropia.     Had  finished  packing ;  had  visited  4  plantations. 
14  Mr    Cobre. 
3  Ap    Santa  Catalina  de  Guaso  or  Saltadero  (back  of  Guantanamo  harbor).  ~ 

[Probably  r=  Cairoanera.  —  E.  ] 
5  Ap    Santa  Catalina. 
23  Ap    Monte  Verde. 
3My        *»  **  -     ' 

8  My    Saltadero.     [Probably  the  same  as  Caimanera,  the  seaport  of  Guan- 

tanamo.—  E.] 
[Here  occurs  a  hiatus  of  four  months  in  the  correspondence.] 

9  S       At  sea  approaching  New  York. 


II 

1858. 

30  N 

Santiago 

de  Cuba. 

5D 

Monte  Verde.     "Arrived  here  on  3d." 

17  D 

<( 

tt 

1859. 

ija 

<< 

ti 

17  Ja 

<< 

<( 

2F 

<( 

« 

15  F 

« 

<< 

26  F 

<( 

it 

8  Mr 

t( 

<< 

26  Mr 

it 

it 

*  See  below,  under  Madelina. 
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lo  Ap    Monte  Verde. 

24  Ap         "  «*  ^  ,- 

14  My    Monte  Verde.  Had  collected  at  La  Peria,  a  neighboring  plantation  ;  also 

speaks  of  being  '*  within  two  or  three  minutes*   walk  of  the  virgin 

forest  in  every  direction." 
21  My   Monte  Verde. 

1  Je      Santa  Catalina  de  Guantanamo. 
9  Je      Monte  Verde. 

21  Je  *•         ** 
29  Je  "         «* 

5  Jl  ''  " 

12  Jl  •«  " 

16JI  **  ** 

5  Au  •*  " 
19  Au  **  " 
31  Au  «*  *• 
14  S  "  " 

17  O      Santiago    de   Cuba.     *< Waiting   for  money"    [apparently  a  chronic 
condition]. 

6  N      Josephina,  a  hacienda  or  plantation  belonging  to  the  owner  of  1^  Perla, 

three  leagues  east  from  Nouvelle  Sophie. 

17  N      Nouvelle  Sophie.     Mentions  two  excursions  to  the  Farallones  from  base 

to  summit.     [Probably  the  high  mountains  east  of  Santiago.  —  E.] 

22  N      Nouvelle  Sophie.    Mentions  having  left  Monte  Verde  about  1 7  September. 
26  N      Nouvelle  Sophie.     Says  **  protracted  stay  not  advisable." 

9  D      La  Madelina,  **  right  at  foot  of  Nima-nima."     *'  Mr.  Baitaill  tells  me  that 
the  crest  which  I  have  all  along  on  Mr.    Bradford's  authority  called 
Nima-nima,  is  La  Guinea  and  that  the  former  is  away  over  towards  the 
seashore." 
24  D     La  Madelina.     Mentions  being  at  La  Guinea  14th  and  l8th. 
26  D      "         *• 
i860.   10  Ja    Santiago  de  Cuba.     S(>eaks  of  going  to-morrow  to  Guantanamo,  then  to 
Monte  Verde  and  back  by  Nouvelle  Sophie. 

14  Ja    Monte  Verde.     '*  Came  from  Guantanamo  the  nth." 

18  Ja    Nouvelle  Sophie. 
21  Ja    Santiago  de  Cuba. 

2  F    Filantropia. 

24  F    Nouvelle  Sophie.     *•  To  day  I  start  for  Monte  Verde." 
26  F     Monte  Verde.     Speaks  of  plan  for  excursion  to  Mayari. 

15  Mr  Monte  Verde.     **  I  hope  you  wont  let  Eaton  cut  up  these  fern  stems  into 

cross  sections.  It  seems  to  me  simply  ridiculous  to  attempt  to  exhibit 
the  structure  of  a  fern  or  palm  by  a  cross  section  at  any  part,  whereas 
a  longitudinal  section  of  either  shows  it  perfectly,  or  the  whole  of  it." 

23  Mr    Monte  Verde. 
8  Ap 

16  Ap  •*         ** 
I  My         «*         ** 

4  My     Monte  Verde.     **  Monte  Verde  is  nothing  but  a  coffee  estate.** 

[In  suggesting  labels  Wright  designates  localities  under  judicial  districts 
**  which  everybody  knows  "  as  follows  : 
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Monte  Verde  =  Yateras. 

La  Guinea  =  Ongolosongo  [Hongolosonga.  —  E J. 

Filantropia  =  ** 

Nouvelle  Sophie  =;'Las  Yaguas.j 

Josephina  ==  Ramoni. 
17  My    Monte  Verde. 
14  Jl  " 

1  Au  Mayari.  Mentions  conditions  of  life  at  Cayo  del  Rey,  where  he  spent 
some  time. 

i8  Au    Holguin.     **  Arrived  this  morning.** 

(Wright  apparently  crossed  the  island  directly  north  of  Santiago  and 

then  along  the  north  side  of  the  island  to  Holguin). 
Barajagua.     **  Left  Holguin  19th  and  arrived  here  same  day.*' 
Hato  del  Medio.     [Four  miles  N.  W.  of  Alto  Cedro  —  E.] 
Nouvelle  Sophie.     **  Arrived  in  Cuba  (  =  Santiago  de  Cuba)  the  6th. 
Saltadero. 
,  Monte  Verde. 
Monte  Verde.     **  Start  to-morrow  for  Nouvelle  Sophie,  thence  to  Cuba 

and  Bayamo  and  I  may  go  from  there  to  Holguin.'* 
Saltadero. 
Saltadero.     **  Yesterday  started  for  N.   Sophie  etc.   expecting  to  get 

money  in  Saltadero  or  Cuba.     To-day  returned  here  in  chase  of  that 

valueless  certificate.'* 
17  N      San  Juan  de  Buenavista.     **S.  W.  by  S.  7  leagues  from  Bayamo.** 

[Probably  S.  E.  instead  of  S.  W. ,  Buena  Vista  on  new  map  is  about 

7  leagues  S.  E.  of  Bayamo. — E.  ] 

26  N      Bayamo.     "Came  this  morning.*' * 

16  D      Nouvelle  Sophie.     "  On  my  way  from  Bayamo  I  turned  aside  and  spent 
two  weeks  at  Bradford's  [Filantropia].     Found  a  few  good  things  at 
La  Guinea  and  Loma  del  Gato." 
1 86 1.     4  Ja     Monte  Verde. 

19  Ja  '*         «* 

27  Ja      Nouvelle  Sophie. 

4  F       Monte  Verde. 

2  Mr  »*         *' 

13  Mr  Potosi  (in  Mt  Toro).  **  I  am  on  an  excursion  through  Monte  Libano 
and  Monte  Toro."     [Probably  north  of  Monte  Verde. — E.] 

25  Mr  La  Catalina  near  Sagua  de  Tanamo.  "  Tremendous  farallones  all 
around  us  not  so  easy  to  climb  as  you  might  imagine." 

5  My     Monte  Verde.     *♦  Hope  to  be  off  to-day  or  to-morrow  for  Baracoa." 

3  Je      Baracoa.     **I  came  from  Mala  [Probably  S.  W.  of  Baracoa;  on  new 

map,  Mata  Cafee.-  -E.]  yesterday,  a  terribly  boggy  place  and  appar- 
ently filthy  enough  to  kill  mud-turtles.  I  stood  it  two  weeks  or  more 
and  I  am  in  good  health."  *****  The  streams  are  up  preventing 
me  going  to  the  Yunque.  f     So  soon  as  I  can  I  shall  pay  it  a  visit, 


*  Dr.  Gray  (Am.  Jour.  Sci.  Ill,  31  :  12.  1886)  says  *♦  his  kind  host.  Dr.  Don 
Manuel  Yero,  assisted  him  in  making  some  profitable  mountain  excursions."  Judging 
from  the  above  dates  these  must  have  been  very  brief. 

f  El  Yunque— the  anvil — is  a  flat-topped  mountain  six  miles  from  Baracoa — one 
of  the  most  conspicuous  features  of  the  sky  line  of  eastern  Cuba. 
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which  will  probably  detain  me  but  a  few  days.     Then  I  shall  return 

to  Guantanamo  stopping  a  day  or  two  in  the  cuchillas  (mountains)." 
24  Je      Monte  Verde.     •*  Got  home  yesterday  tired  out  and  my  horse  more  so, 

seven  days  from  Baracoa  collecting  a  little  by  the  way." 
29  Jl       Monte  Verde.     *' After  resting  etc.  I  went  on  the  road  to  Baracoa  as 

far  as  the  point  where  it  turns  northward  to  cross  the  mountains." 
Monte  Verde. 


Valparaiso.     **  Just  on  the  edge  of  Monte  Libano."     [Seven  miles  due 

west  of  Monte  Verde.— E.] 
Monte  Verde.     **  Got  back  yesterday.*' 

«         << 

Nouvclle  Sophie.     **On  the  20th  I  set  out  on  my  journey  which  if  I 
am  prospered  will  end  at  least  for  a  time  at  **  la  Habana." 

3  D      Filantropia.     Mentions  a  day  on  La  Guinea.     [Wright  then  went  via 

Saltadero.] 
13  D      Mentions  three  excursions  on  La  Guinea  and  Loma  del  Gato. 

16  D      Bayamo.     The  letter  was  mailed  from  Bayamo  the  17th. 
1862.     2  Ja      Sancto  Spiritos  (Santo  Espiritu). 

4  Ja      Sancto  Spiritos  "Shall  remain  a  few  days"     «    «    «     "There  arc 

as  many  as  six  or  eight  species  of  palms  abundant  along  the  route  I 
have  come,  several  of  which  I  have  not  collected." 
I  F  Ingenio  Fermina.  **  Fermina  is  a  sugar  estate  two  leagues  from  Bemba  " 
[  =Jovellanos.— E.]  «  *  «  "Left  Santo  Espiritu  the  l6th." 
[Here  Wright  found  Gundlach,  the  zoologist,  with  whom  he  made 
many  excursions.  ]  In  this  letter  Wright  speaks  of  coming  to  an  in- 
genio  (sugar  estate)  the  24th  where  he  stayed  four  or  five  days  and 
**  the  next  day  here."  Four  leagues  before  reaching  Villa  Clara  he 
mentions  coming  to  a  very  hilly  savanna. 

23  Mr  Mejia.  ''  In  my  last  [there  is,  however,  no  mention  of  this  in  any  letter 
present  in  the  collection]  I  told  you  I  was  going  to  the  Cienaga  de 
Zapata.  I  am  domiciled  about  three  leagues  from  it  —  have  been  to 
it  twice."     [Probably  S.  of  Navajas.  —  E.] 

a8  Mr    Mejia.     **  Returned  from  another  excursion  to  the  Cienaga." 
[Here  occurs  a  brief  hiatus  in  the  correspondence.] 

17  Je     San  Jos6  [In  Pinar  del  Rio,  near  Taco  Taco  or  Santa  Cruz.  —  E.] 

[This  place  is  mentioned  in  a  previous  letter  as  away  S.  W.  of  Habana.] 
**  I  have  been  here  more  than  three  weeks  with  Don  Jos*  Blain,  who 
takes  some  interest  in  botany."  .  .  .  '*I  was  there  (Habana)  the 
last  days  of  May.  It's  a  nasty  place."  .  .  .  **  I  am  about  20  leagues 
westward  of  Habana  right  at  the  foot  (south  side)  of  Rangel  range  of 
mountains  or  Los  Organos." 
23  Je      **  Returned  from  a  visit  of  two  or  three  days  to  Retiro,  the  other  place 

Don  Jos6  mentioned,  when  I  was  in  Habana  six  days." 
4  Au    Santa  Cruz.     **  Day  before  yesterday  returned  from  an  excursion  of  a 
few  days  south  and  west  of  here  into  the  savannas,  pinales  and  the 
famous   'vueltabago' — the    tobacco    district."       [Properly   vuclta 
abajo.  ] 
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13  Au    San  Jos6. 
8  8        <«      «« 

28  S      San  Jos6.     *  *  Three  weeks  ago  went  on  an  excursion  northward  and 
westward ;  we  were  gone  two  weeks.'* 

13  O      San  Jos^.     "Gundlach  will  send  my  horses  to  Guanajay  15  leagues 

this  side  of  Habana  so  probably  I  shall  not  go  there  now.'' 
25  O      Habana. 

29  O       San  Jos6.     **  To-day  completes  my  fifty-first  year." 
27  N      San  Jos6     **  Last  month  went  from  Guajaibon  to  Las  Posas  to  Toscana 

a  finca  of  Sauvalle  (seaside)  returning  by  San  Marco  and  San  Diego 
dc  Bafton.  From  there  I  turned  S.W.,  and  went  to  Herradura  and 
Consolacion  returning  by  Almacigos,  Hato  Queniando,  Herradura, 
San  Diego  and  so  home." 

Ingenio  Esperanza,  "about  a  league  from  Pinar  del  Rio." 
Langvanillas.     [This  was  probably  the  residence  of  an  engineer  of  the 
above    mentioned   'ingenio*   about  **  four  leagues    away"   where 
Wright  mentioned  having  been  invited  to  go  in  the  last  letter.] 
1863*  9ja     SanJos6. 


10  D 

13  D 

9ja 

13  F 

21  F 

31  Mr 

10  Ap 

30  Ap 

Habana. 

14  My  —  Wright  had  been  at  Fermina  **  for  a  few  days  to  get  plants  Gundlach 

could  not  bring.'* 
25  My   Concordia.      **Came  here  ten  days  since.**      Mentions  going  to  the 
coast  three  leagues  afoot.     **  Shall  return  in  a  few  days  to  San  Jos6 
or  rather  Retiro  whither  friend  Blain  has  now  removed  —  a  league.** 

15  Je     Retiro.     [This  is  the  name  of  a  finca  near  Taco  Taco  where  Don  Jos6 

Blain  lived.  —  E] 

15  Jl     Retiro. 

27  Jl     Toscano.     [Probably  the  name  of  a  finca  near  the  N.  coast,  somewhat 

E.  of  Bahia  Honda.  —  E| 
5  S      Retiro. 

20  S  *' 

20  D  Los  Remales.  •*  The  latter  part  of  October  I  crossed  the  mountains  to 
the  north  coast  to  Toscano,  stayed  there  till  Nov.  15.  Went  to  Sagua 
(vega)  climbed  Guajaibon  twice  ;  made  excursion  to  Cajalbarra  (pine 
ridge  crossing  the  island)  followed  down  the  north  side  near  the  coast 
through  La  Palma,  Nombre  di  Dios,  Bajas,  Mantua.  From  Asiento 
viego  (the  Laguna)  followed  the  same  road  to  the  Jarela,  the  terminus 
of  my  travels  last  year.'*  He  mentions  wanting  to  goto  the  cape 
(Cape  Corrientes?)  **  but  as  there  was  no  guide  I  was  content  to  go 
to  a  point  on  the  south  coast  four  leagues  afoot.  *' 
1864.  15  Ja  Retiro.  "Three  days  ago  I  returned  from  my  excursion  of  eighty,'* 
"Wrote  20th  from  Los  Remales:  a  day  or  two  later  went  to  La 
Grife."  [In  this  letter  i Wright  mentions  a  serious  experience  with 
some  poisonous  plant  which  caused  temporary  loss  of  eyesight.] 
5  F      Retiro. 
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Retiro 


Retiro.     <'0n  the  25tb  went  to  the  coast  at  a  point  called  Daranigan. 

[Point  on  the  coast  west  from  Retiro. — E] 
Retiro.     "  Yesterday  went  to  the  hills. ' ' 
Retiro.     **  Made  an  excursion  of  ten  days  eastward  and  southward  to 

I^  Concordia,  San  Leon,  etc.*' 
Habana.     <*  Came  here  on  the  21st*' 

Habana.     *<  Passport  in  pocket-book,  plants  boxed  ready  to  embark,** 
Weathersfield,  Conn.     <*  Shall  sUrt  for  Cuba  before  the  end  of  the 

month.*' 
24  Ap    Weathersfield,  Conn. 

III. 

9  Je*  Cayo  Bonito.     **  Down  here  on  the  edge  of  that  grand  swamp,  the 

Cienaga  de  2Uipata  just  south  of  Matanzas. 
18  Je     La  Fermina ;  •*  returned  yesterday.'* 
9  Jl      Matanzas. 

24  Jl      Janta.     **  Came  here  five  or  six  days  ago."  .  .  .  **  Stayed  some  ten  or 

twelve  days  at  Palma  Sola."     [Probably  near  Matanzas  or  Jovel- 

lanos. — E.] 
15  Au    Matanzas. 
4  S       Habana. 
21  S      Balestina.     [At  this  place  the  name  is  spelled  Valestina.]  f     [Province 

of  Pinar  del  Rio.— E.  1 
23  O 

7  D  ** 
1866.  25  Ja           «« 

13  F 

17  F  ** 

15  Mr    Retiro. 

25  Mr         ** 

3  Ap    Retiro. 

8  Ap    Toscano. 

14  Ap 

29  Ap  ** 

2  Je     Retiro.     **  I^eft  Toscano  at  3  m.  and  arrived  here  about  sunset." 

15  Je     Retiro.     **  Went  to  Ran  gel  on  the  8th"   •  •  •  «* /T/ went  again  to  San 

Cristobal  on  the  loth." 

4  Jl      Retiro. 
23  jl 

8  Au 

14  Au     Retiro.     **  Have  been  making  short  excursions  of  two  or  three  days  at  a 
time  into  the  palm  and  pine  savannas  near  the  coast." 


♦  Dr.  Gray  /oc,  a'/,  speaks  of  this  third  trip  as  commenced  **  in  the  autumn  of 
1865."  In  Gray's  letter  to  Charles  Wright  (Letters,  3  :  540)  he  mentions  receiving 
a  letter  from  Wright  at  Habana  dated  May  9th. 

Gray  /oc.  cit.  says  **Balestena"   and  speaks  of  it  as  **a  cattle  farm  at  the 
southern  base  of  the  mountains  opposite  Bahia  Honda.*' 
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Retire. 

**  At  a  sawmill  the  last  two  weeks  at  Palacios''  [near  Pinar  del  Rio?]. 
La  Machina  (this  is  the  sawmill  above  mentioned). 
Habana. 

Retiro.       •*  Spent  some  days  in  Concordia.*' 
(* 

Retiro.     **  Yesterday  went  into  the  mountains'*  (La  Palma  Vega). 

La  Machina.     (Various  additions  to  this  letter  were  made  from  same 

place  at  various  dates  up  to  20  D.) 
Arroyo  Hondo.     **  To-morrow  I  go  to  Luis  Lazo." 
1867.     I  Ja     Guane.     **From  Arroyo  Honda  I  went  to  Luis  Lazo  and  staid  a  few 

days." 
La  Grifa. 

Los  Portales  de  Guane.     "  Yesterday  I  left  La  Grifa." 
Retiro. 
Habana. 

Habana.     **  Went  to  Matanzas  yesterday  for  money." 
Habana.     In  this  letter  Wright  recounts  troubles  he  had  to  get  a  passport 

and  other  papers  necessary  to  embark  for  Trinidad. 

19  F     Habana.     **  Everything  arranged  for  my  voyage  "  [to  Trinidad]. 

[Apparently  there  is  a  hiatus  in  the  correspondence  here]. 

20  Ap  Trinidad.     *'  Since  I  last  wrote  you  I  went  in  the  mountains  to  an  old 

cafetal  now  a  potrero  or  pasture.   •••<*!  came  here  about  a  week 
ago." 
24  Ap  Cuba  (  =  Santiago  de  Cuba). 

26  Ap   Sta.  Catalina  de  Guantanamo.     **  Arrived  this  morning."     In  this  letter 
Wright  mentions  **  letter  of  8th  "  telling  of  loss  of  **  great  collections 
of  the  Vueltabago."  * 
5  My    Monte  Verde.     **  Back  again." 
12  My  "  t 

The  next  letter  is  dated  Cambridge,  Mass.,  23  Nov.  186S,  in  which  Wright  says 
**  Done  distributing."  The  sets  of  Cuban  plants  run  thus:  2250,  2200,  2075,  1715, 
1550,  1460,  1330,  1275,  1 165,  960,  780,  750,  660,  620,  560. 

The  only  breaks  in  the  continuity  of  the  above  correspondence 
are  as  follows : 

I.  That  from  8  May  1857  at  Saltadero  to  9  September  1857 
written  on  the  steamer  approaching  New  York.  This  is  the  long- 
est hiatus,  and  what  may  have  been  Wright's  journeys  during  this 
period  is  largely  a  matter  of  conjecture.  It  seems  probable  that 
this  time,  like  the  rest  of  his  first  expedition,  was  spent  on  two 
or  three  of  the  plantations  that  formed  the  basis  of  his  principal 
explorations  in  the  province  of  Santiago.  J 

*  C/,  foot-note  p.  292. 

t  Dr.  Gray  (/oc.  cit. )  says  that  Wright  returned  from  his  third  visit  in  July  1867. 

J  Wright's  single  letter  to  Dr.  Torrey  during  this  period,  preserved  in  the  Torrey 
correspondence  at  the  New  York  Botanical  Garden,  is  dated  20  June  1857  from  Monte 
Verde  and  bears  out  the  above  supposition. 
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2.  That  from  28  March  1862  written  near  the  great  swamp 
south  of  Matanzas  (Cienaga  de  Zapata)  to  17  June  1862  written 
from  the  province  of  Pinar  del  Rio,  where  he  speaks  of  having 
been  for  "  more  than  three  weeks.'*  There  is  still  a  hiatus  of 
about  two  months  concerning  which  we  can  only  conjecture.  It 
seems  unlikely  that  this  time  was  spent  other  than  in  the  Ma- 
tanzas province. 

3.  That  from  19  February  1867  to  20  April  1867.  At  the 
former  date  Wright  was  at  Habana  making  arrangements  for  a 
voyage  to  Trinidad  on  the  south  coast,  and  in  the  second  he  was 
engaged  in  collecting  at  Trinidad  himself.  It  would  seem  that 
one  intermediate  letter  at  least  was  lost.  It  is  hardly  probable 
from  our  knowledge  of  Cuban  steamship  traffic  (which  in  1867 
was  surely  not  an  improvement  over  the  present  conditions)  that 
Wright  stopped  for  any  length  of  time  at  any  intermediate  station. 
It  is  highly  probable  that  the  greater  part  of  this  time  was  spent 
at  Trinidad  and  vicinity  covering  a  period  of  approximately  two 
months.  The  amount  of  material  collected  at  Trinidad  may 
throw  some  light  on  this  subject,  when  we  know  the  stations  cor- 
responding to  Wright's  numbers.  It  is  to  be  hoped  that  some 
one  who  has  access  to  a  collection  made  by  Wright  which  pos- 
sesses the  original  localities  for  the  numbers  will  supplement  this 
paper  by  further  notes  which  will  establish  the  type  localities  of 
Wright's  species.  Such  an  account  would  be  a  real  contribution  to 
our  knowledge  of  the  flora  of  Cuba. 

Columbia  University. 
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The  Pnhlicationa  of  the  Department  of  Botany ,  Co- 
Inmbia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.  Small.    A  Monograph  of  the  North  American  Species  of 
the  Genus  Pofyg-onum.     Pp.178.    84  plates.    1895.    Price, 
six  dollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Potcn- 
tilleae.    Pp.224.     112  plates.     1898.    Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,,  except  Nos.  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1 894-1 895).  Nos.  50,  52,  54,  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num* 
bers  twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  119  which  is  fifty  centSj 
and  Nos.  loi,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  1 26-1 50(1 897-1 898).  Five  dollars.  Nos.  1 33, 1 36, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents, except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos.  157  and  158,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  Sisyrinckiumi^ 

can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application* 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Boiat^. 

New  York  city. 
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toxic  compounds,  all  with  concordant  results ;  namely,  that  those 
substances  which  in  larger  amounts  are  fatal,  serve  to  stimulate 
the  organism  to  increase  in  activity  when  present  in  sufficiently 
small  quantities,  in  accordance  with  the  generahzation  of  Hueppe.* 
In  addition,  Ono  f  has  found  that  the  waste  through  oxalic  acid 
formation  is  at  the  same  time  lessened ;  and  Watterson  J  that 
although  there  is  greater  expiration  of  COj  the  increase  is  only 
parallel  with  that  of  the  crop  and  its  production  relatively  normal. 
Schulz  §  working  with  yeast ;  Hueppe,  ||  Effront,  1  and  Lindet  ** 
ivith  bacteria  ;  and  Ono  ft  and  Livingston  J  J  with  algae  have 
reached  like  conclusions  as  far  as  growth  is  concerned. 

Copeland  and  Kahlenberg,]|||  and  Kahlenberg  and  True,*** 
and  more  lately  Kanda,ttt  working  with  higher  plants  tell  of 
stimulation  caused  by  salts.  Similarly  Copeland  XXX  ^^^  obtained 
increased  COj  evolution  from  work  with  phanerogams  and  tad- 
poles, interpretating  the  apparent  vigor,  however,  as  an  evidence 
of  harm  rather  than  benefit. 

Townsend  §§§  mixed  ether  with  water  supplied  to  seeds  and 
thus  hastened  germination.  He  has  also  shown  that  seeds,  sub- 
jected to  HCN  gas  mill  for  a  short  time,  sprout  sooner  and  grow 

*  Hueppe,  F.     The  Principles  of  Bacteriology,  89,  90.     Trans,  by  E.  O.  Jordan. 

X  Watterson,  A.  The  effect  of  chemical  irritation  on  the  respiration  of  fiingi. 
Bull.  Torrey  Club  31  :  291.     1904. 

J  Schulz.     Ueber  Hefegifte.     Bot.  Zeit.  46  :  6lo.     1888. 

II  ^.  ^• 

^Efiront     Compt  rend.  119:  169.     1894. 

**  Lindet.     Compt.  rend.  138  :  508.     1904. 

XX  Livingston,  B.  E.  Chemical  stimulation  of  a  green  alga.  Bull.  Torrey 
Club  32  :  I.     1905- 

II II  Copeland,  E.  B.  &  Kahlenberg,  L.  The  inflnence  of  the  presence  of  pore 
metals  upon  plants.     Trans.  Wis.  Acad,  la  :  454-     1899. 

***  Kahlenberg,  L.  &  True,  R.  H.  On  the  toxic  action  of  dissolved  salts.  Bot. 
Oaz.  sa:  81.     1896. 

ftt  Kanda,  M.  Reizwirkung  dniger  Melmllsalze  «af  dms  Wadisthum  hdherere 
Pflanzen.     Jour.  Coll.  Sci.  Imp.  Tokyo  19:  I.     1904. 

XXX  Copeland,  E.  B.  Chemical  stimnlatioii  and  the  evohition  of  CO,.  BoL  G«z. 
35  :  81.     1903. 

§{{  Townsend,  C.  O.  The  dfect  of  hydrocyanic  add  gas  upon  gndns  and  olber 
flceds.     BoL  Gaz.  31 :  ^l.     1901. 

II II II  Townsend,  C.  O.  The  correUtion  of  growth  tinder  the  iiiflieiice  of  injones. 
Ann.  Bot.  11 :  509.     1^7. 
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more  rapidly  than  those  not  so  treated ;  that  Avena  seedlings 
grown  in  a  sufficiently  weak  atmosphere  of  ether  are  at  first  retarded 
and  then  accelerated,  finally  returning  to  their  normal  rate  of 
growth  if  the  shock  be  not  too  long  continued  ;  and  that  in  small 
amounts  ether  vapor  will  aid  germination  in  the  spores  of  Penicil- 
Hum  and  Mucor,^  although  larger  doses  are  inimical.  Duggar  t 
says  that  a  saturated  atmosphere  of  chloroform  is  fatal  to  the 
spores  of  Aspergillus  flavus  and  Phycomyces  and  without  benefit  to 
Sterigmatocystis,  and  that  ether  is  of  no  consequence  as  a  stimulant 
in  germinating  Aspergillus,  With  Aspergillus  {Sterigmatocystis) 
niger,  Kosinski  %  finds  respiration  retarded  when  exposed  to  ether 
fumes. 

Ewart,§  working  with  chloroform  in  the  water  of  water  plants 
noted  suspension  of  COg  assimilation  agreeing  with  the  earlier 
results  of  Claude  Bernard.  Kegel,  ||  however,  finds  with  Elodea 
canadensis  an  increment  of  COj  assimilation  in  some  percentages 
of  ether  and  chloroform,  but  a  sudden  check  in  the  case  of  a  lesser 
amount.  On  the  other  hand,  Bonnier  and  Mangin  \  were  able,  by 
adding  ether  carefully,  to  stop  assimilation  of  COg  without  aflfecting 
respiration,  an  observation  in  accordance  with  that  of  Schwarz,** 
who,  with  both  ether  and  chloroform,  has  recorded  stoppage  of 
oxygen  evolution  not  accompanied  by  elimination  of  CO2  evolution 
until  the  plant  was  fatally  affected.  Ewart's  ft  results  with  mosses 
were  similar.     Movement  in  the  protoplasm  of  Pkilotria  {Elodea), 

^TowDsend,  C.  O.  Effect  of  ether  upon  the  germination  of  seeds  and  spores. 
Bot.  Gaz.  27  :  458.     1899. 

t  Duggar,  B.  M.  Physiological  studies  with  reference  to  the  germination  of  cer- 
tain fungous  spores.     Bot.  Gaz.  31  :  38.     1901. 

X  Kosinski,  I.  Die  Athraung  bei  HungerzustSlnden  u.  nnter  Einwirkung  von 
mecfaanischen  u.  chemischen  Reizmitteln  bei  Aspergillus  niger.  Jahrb.  Wiss.  Bot. 
37:  137.    1902. 

2  Ewart,  A.  J.  Action  of  chloroform  on  CO,  assimilation.  Ann.  Bot.  id :  415. 
1898. 

II  Kegel,  W.  Ueber  den  Einfluss  von  Chloroform  und  Aether  auf  die  Assimila- 
tion TOD  Elodea  canadensis.     Inaug.  Dissert.     G(yttingea,  1905. 

^  Bonnier,  G.  &  Mangin,  L.  Recherches  tur  1'  action  chlorophyllienne  i6par6e 
de  la  respiration.     Ann.  Sci.  Nat.  VI L  3  :  5.     1886. 

**  Schwarz,  F.  Zor  Kritik  dcr  Methods  dts  Gasblasenz&hlens  an  submersen 
Wasserpfianzen.     Untersuch.  Bot.  Inst,  zu  Tiibingen,  x  :  97.     188 f. 

tt  Ewart,  A.  J.  On  assimilatory  inhibition  in  chlorophyllous  plants.  Jour.  Linn. 
Soc.  31 :  364.     1896. 
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as  seen  by  Farmer  and  Waller,*  ceased  under  the  influence  of  ether 
and  chloroform,  the  latter  proving  more  powerful. 

With  various  seedlings  in  an  ether  atmosphere,  Morkowine  f 
obtained  increase  of  respiration  in  the  light ;  Bonnier  and  Mangin  J 
got  no  such  effect  in  the  dark.  Puriewitsch,  as  quoted  by  Mor- 
kowine, §  concluded  that  in  ether  vapor,  transformation  of  sugar 
to  starch  is  inhibited.  Jumelle  ||  believes  transpiration  increased  in 
light  and  decreased  in  dark  by  ether,  Zaleski  1  that  proteid  forma- 
tion is  hindered  by  the  same  substance.  Pfefler  **  cites  Elfving  ft 
and  Lauren  tt  ^is  authorities  for  the  observation  that  COj  forma- 
tion, but  not  growth,  is  augmented  in  higher  plants  by  a  not  too 
long  exposure  to  chloroform  ;  and  finally,  Johanssen  §§  has  proved 
the  economic  value  of  ether  in  forcing  early  blooming  in  flowering 
plants.  The  period  of  winter  rest  is  shortened,  rapidity  of  growth 
and  total  evolution  of  CO^  increased. 

The  majority  of  the  investigations  with  chloroform  and  ether, 
it  will  be  noted,  have  had  to  do  with  their  effect  on  green  plants. 
Townsend  ||  ||  and  Duggar  Tit  to  be  sure,  experimented  with  fungus 
spores  but  their  work  stopped  with  germination  ;  and  Kosinski  *** 
was  concerned  only  with  the  respiration  factor.  It  has  been  the 
aim  of  the  piece  of  work  here  described  to  compare  the  effect  of 
chloroform  vapor  on  fungus  growth,  as  shown  by  increase  in  dry 
substance,  with  the  results  quoted  above.  Therefore  Sterigmato- 
cystis nigra  {Aspergillus  niger)  in  the  main  and  Penicillium  glaucum 

♦Farmer,  J.  B.  &  Waller,  A.  D.  Observations  on  the  action  of  anaesthetics 
on  vegetable  and  animal  protoplasm.     Proc.  Royal  Soc.  63:  213.     1898. 

t  Morkowine,  N.  Recherches  sur  1'  influence  des  anesth6siques  sur  la  respiration 
des  plantes.     Rev.  Gen.  de  Bol.  11  :  289.     1899. 

X  Bonnier  &  Mangin,  /.  c, 

\L.c, 

II  Jumelle,  H.  Influence  des  anesth^siques  sur  la  transpiration  des  v6g6taux.  Rev. 
Gen.  de  Bot.  2  :  417.     1890. 

^Zaleski,  W.  Zur  Aetherwirkung  auf  die  Stoffum  wand  lung  in  den  Pflanzen. 
Ber.  Deuts.  Bot.  Gesells.  18  :  292.     1900. 

**  PfefTer.     Physiology  of  Plants,  i :  564.     Trans,  by  Ewart. 

ft  Elfving.  Ueber  die  Einwirkung  von  Aether  u.  Chloroform  auf  die  Pflanzen. 
Oefversigt  af  Finska  Vetensk.  Soc.  Forh.  28  :  36.     1886. 

%X  Laur6n.     Bot.  Jahresb.  ao'  :  92.     1892. 

^^  Johanssen,  W.  L.     Das  Aether- Verfahren  beim  Friihtrciben.     Jena.     190a 

nil  Bot.  Gaz.  /.  c, 

^•I  /,.  c. 

***Z.  c. 
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to  a  lesser  extent  were  grown  on  the  nutrient  solutions  prescribed 
by  PfefiTer  *  and  designated  as  A  and  C  in  the  first  paper  on  the 
subject  by  Richards,t  the  cultures  confined  in  an  atmosphere  of 
chloroform  of  known  or  approximately  known  value  and  the  effect 
upon  dry  wefght  of  the  crop,  economic  coefficient  and  acid  coef- 
ficient noted. 

The  work  was  done  in  the  botanical  laboratory  of  Barnard 
College  during  the  years  1904  and  1905  under  the  guidance  of 
Dr.  Herbert  Maule  Richards,  to  whom  his  student  is  much 
indebted  for  his  kindness  and  interest.  To  the  New  York  Botan- 
ical Garden  many  thanks  are  due  for  extending  the  privileges  of 
the  library. 

To  grow  the  fungi,  small  dishes  70  mm.  in  diameter  and  30 
mm.  deep  were  used.  These,  in  all  series  following  IV,  were 
of  the  non-sol  glass  of  Whitall,  Tatum  &  Co.  Each  culture  dish 
rested  on  two  strips  of  glass  over  a  half  Petri  dish  containing  40 
c.c.  of  a  ID  per  cent.  KOH  solution.  The  Petri  dish  in  turn  sat 
upon  a  ground-glass  plate.  On  glass  strips  laid  across  the  cul- 
ture dish  was  supported  a  small  watch  glass  to  receive  the  chloro- 
form. In  operating,  each  dish  was  arranged  as  described  and  all 
covered  by  a  bell-jar  which  was  ground  down  on  to  the  glass 
plate  in  a  glycerine-gelatine  seal.  After  the  seal  had  hardened, 
amounts  of  chloroform  calculated  to  the  capacity  of  the  jars  — 
due  allowance  having  been  made  for  the  solids  and  liquids  within 
—  were  run  in  through  the  neck  which  was  at  once  closed  with  a 
rubber  stopper.  It  is  possible  in  this  way  to  regulate  the  supply 
of  chloroform  vapor  with  tolerable  accuracy,  for  the  placing  of  the 
stopper  in  position  occupies  but  a  moment  and  relatively  little  of 
the  chloroform  can  volatilize  and  escape.  Moreover,  the  seal  at 
the  base  of  the  jar  is  sufficiently  strong  to  be  proof  against  any 
small  pressure  generated  by  the  vaporizing  liquid. 

In  manipulation,  the  usual  precautions  were  observed.  The 
culture  dishes,  before  each  using,  were  soaked  in  dichromate 
cleaning  solution,  washed,  rinsed  in  distilled  and  redistilled  water 
and  sterilized  in  hot  air  at   1 00^-120°   C.     The  bell-jars  were 

*  Pfeffcr,  W.  Ueber  Election  organischer  Nahrstoffe.  Jahrb.  Wiss.  Bot.  28  : 
205.     1895. 


Digitized  by 


Google 


342  Latham  ;  Stimulation  of  Sterigmatocvstis 

rinsed  in  formalin  ;  the  glass  strips  and  watch  glasses  were  washed 
and  sterilized  in  hot  air  (ioo°-i20°  C).  All  flasks  and  pipettes 
were  handled  similarly. 

The  redistilled  water  mentioned  above  was  the  distilled  water 
furnished  for  ordinary  laboratory  purposes  in  the  college  —  the 
still  is  tin-lined  —  redistilled  and  condensed  through  a  block-tin 
tube.  A  considerable  portion  passing  over  at  first  was  discarded 
and  the  operation  stopped  while  a  quantity  remained  in  the  distill- 
ing flask.  This  water  was  used  in  making  all  solutions,  as  well 
as  for  the  final  rinsings  of  the  apparatus.  Its  specific  conductivity 
as  determined  in  the  physics  laboratory  varied  between  2.74  x 
io~*  and  1.59  X  lO"^.  The  salts  used  were  the  best  quality 
supplied  by  Merck  &  Co.  White  rock-candy  furnished  the 
sugar.  A  solution  of  30-50  per  cent,  was  made,  filtered  through 
glass  wool  to  remove  the  bits  of  string  and  kept  tightly  corked  for 
use.  The  proper  amount  from  the  stock  was  taken  for  each  solu- 
tion made  for  a  series.  Iron,  also,  was  kept  in  solution,  but  the 
other  salts  were  weighed  out  as  required.  The  formulae  of  the 
solutions  are  as  follows  : 

A  C 

NH^NOj 1. 00  gm.  Asparagine 0.50  gm. 

KjHPO^ o.sogm.  KHjPO^ 0.50  gm. 

MgSO^ 0.25  gm.  MgSO^ 0.25  gm. 

FeSO^ trace.  FeSO^ trace. 

Sugar 5.00  gm.  Sugar 5.00  gm. 

Water loo.oo  c.c.  Water 100.00  c.c 

The  chloroform  was  the  best  grade  made  by  Merck,  known  to 
contain  .02  per  cent,  of  absolute  alcohol  to  prevent  decomposition, 
which,  however,  in  the  quantities  of  the  anaesthetic  used  is  negli- 
gible. Repeated  tests  with  AgNOj  showed  that  no  free  CI  was 
present. 

Sowing  the  fungus  was  accomplished  by  dipping  the  end  of  a 
clean  glass  rod  into  the  nutrient  solution,  rubbing  it  over  the  dry 
spores,  redipping  it  into  the  fluid,  and  agitating  well  to  secure 
uniform  distribution.  The  smooth  white  felts  of  the  control  cul- 
tures testified  to  the  effectiveness  of  the  treatment  and  the  purity 
of  the  reagents.  In  practice,  enough  nutrient  solution  was  made 
at  a  time  for  one  complete  series  —  the  iron  alone  omitted.  This 
solution  was  boiled,  cooled  and  50  c.c.  taken  in  an  accurate  pi- 
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pette  to  be  analyzed  for  acid  and  sugar.  The  remainder  was  then 
inoculated  in  bulk  with  spores  in  the  method  described  and  doses 
of  50  c.c.  run  from  the  pipette  into  each  culture  dish.  Last  of 
all  the  iron,  a  mere  trace,  was  added. 

The  crop  was  reaped  when  the  controls  showed  a  full  fruited 
surface.  The  felts  were  thrown  on  weighed  filters,  washed  thor- 
oughly with  boiling  water,  dried  in  hot  air  at  70^-80°  C,  cooled 
in  a  desiccator  and  the  dry  weight  ascertained.  The  filtrate  made 
up  to  250  C.C.  was  analyzed,  as  recorded,  for  oxalic  acid,  or  sugar„ 
or  both.  Determinations  for  oxalic  acid  in  the  filtrate  from  the 
Sterigmatocystis  *  were  made  at  once.  Ten  cubic  centimeters  of 
the  solution  were  titrated  against  standardized  NaOH.  The  total 
acidity,  less  the  acidity  at  the  time  of  setting  up  (that  of  the  stock 
solution),  gave  the  correct  amount  of  acid  produced  during 
growth. 

A  measured  quantity  of  the  filtrate,  generally  100  c.c,  was 
next  inverted  by  boiling  with  0.5  c.c.  of  5N  HCl  and  the  invert 
sugar  estimated  by  the  Fehling  test.  When  asparagine  was  pres- 
ent, extra  care  was  taken.  A  cubic  centimeter  or  1.5  c.c.  of 
acid  was  used  for  inversion  and  the  time  of  boiling  extended^ 
water  being  added  if  necessary.  Asparagine,  by  virtue  of  its 
amide  groups,  will  reduce  a  copper  solution  and  invalidate  a  test 
for  sugar  in  its  presence.  Hard  boiling  with  HCl  serves  to  de- 
stroy the  molecule  with  the  production  of  NH^Cl,  which  does  not 
interfere  with  the  analysis.  The  Fehling  solution  was  kept  in  two 
portions.  The  stock  CuSO^  contained  69.28  gms.  per  liter;  the 
alkaline  tartrate,  100  gms.  of  NaOH  and  350  gms.  of  KNaQH^O^ 
per  liter.  Standardization  was  made  against  accurately  freshly  pre- 
pared I  per  cent,  dextrose.  For  each  analysis  5  c.c.  of  each  stock 
solution  and  40  c.c.  of  HjO  were  used.  Calculations  were  made 
on  the  basts  that  under  such  conditions  0.5  gm.  of  invert  sugar 
reduces  97  c.c.  of  the  Fehling  solution.f 

The  fruiting  of  the  control  cultures,  as  mentioned,  determined 
the  reaping  of  the  crop.  The  period  of  growth  varied  with  the 
temperature.     Near  its  optimum  of  34°  C,  Sterigmatocystis  was 

*  Wehmer.     Entstehung  und  physiologische  Bedeutung  der  Oxals&ure  im  Stoff- 
wechsel  einiger  Pilze.     Bot.  Zeit.  49  :    189 1, 
f  Sutton.     Volumetric  Analysis.     Ed.  1904. 
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ready  to^harvest  in  seven  to  ten  days  when  grown  on  solution  A, 
or  in  four  to  five  days  when  asparagine  replaced  the  NH^NOj ; 
while  the  period  of  cultivation  extended  over  two  to  three  weeks 
if  the  temperature  fell  to  20^-25°  C.  The  lack  of  constant  condi- 
tions is  to  be  regretted,  especially  in  view  of  indications  which  may 
be  discussed  later. 

The  first  effect  of  CHCl^  used  in  such  an  amount  as  is  necessary 
to  cause  noticeable  stimulation  is  to  retard  the  germination  of  the 
spores.  With  the  smallest  quantities  employed,  the  first  hyphae 
did  not  appear  until  six  to  twenty-four  hours  after  growth  had 
started  in  the  chloroform-free  air.  The  second  effect  seen  is  the 
production  of  toughened,  buckled  felts  by  a  rapid  growth  accom- 
panied by  repression  of  conidial  fructification,  as  observed  also 
when  the  organism  is  stimulated  by  salts,  etc.  At  harvesting, 
felts  grown  under  optimum  stimulation  gave  on  an  average  crops 
200  per  cent,  to  300  per  cent,  as  heavy  as  the  normal,  rising  in  some 
instances  to  500  per  cent,  and  700  per  cent.  The  curve  repre- 
senting the  influence  of  CHCI3  on  growth  is  similar  to  those  of 
other  stimulants  ;  it  rises  in  a  characteristic  manner  to  a  maximum 
and  then  falls  again. 

Sterigmatocystis  cultivated  on  solution  A  at  a  temperature 
varying  between  20^  and  30°  C.  grows  more  luxuriantly  when 
the  content  of  the  atmosphere  is,  per  liter,  the  vapor  of  \  c.c.  of 
liquid  CHCI3  and  the  beneficial  effect  increases  until  5—%  c.c.  per 
liter  are  used,  when  decrease  begins.  If  the  bell-jar  contains  per 
liter  over  i  c.c.  of  CHCI3  (vaporized),  germination  is  permanently 
stopped,  although  the  spores  will  grow  readily  if  placed  in  air. 
When  asparagine,  instead  of  NH^NOj,  is  the  source  of  nitrogen 
(solution  C)  the  sensitivity  of  the  Sterigmatocystis  is  increased. 
Optimum  growth  then  takes  place  when  \-\  c.c.  of  CHCI3  is 
present  per  liter,  and  \  c.c.  is  sufficient  to  arrest  development. 

The  augmentation  in  weight  is  accompanied  by  a  relatively 
lessened  acid  formation  and  sugar  consumption ;  that  is  to  say, 
the  ratio  of  the  acid  to  the  crop,  and  of  the  sugar  used  to  the  crop 
is  lowered.  For  example,  in  Series  X,  Table  I,  the  acid  coefficient 
is  lowered  from  2.3186  to  .4160  grams  per  gram  fungus  when  the 
atmosphere  held  \  c.c.  of  CHCI3  vaporized  and  to  .3551  grams 
per  gram  fungus  when  the  content  was  ^^  c.c.  ;  at  the  same  time. 
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the  economic  coefficient  fell  from  11.493  to  3.214  and  3.201 
grams  per  gram  fungus  respectively.  The  average  figures  for  the 
atmospheres  quoted  are  for  acid  coefficient  0.6932  and  0.5696  and 
for  sugar  3.744  and  3.514  against  1.4123  and  5.358  for  the  nor- 
mal culture.  The  economic  coefficient  of  the  controls  varies  con- 
siderably from  that  found  by  Kunstmann  *  and  Richards, f  to  be 
sure,  but  the  figures  obtained  are  fairly  stable.  The  same  thing  is 
true  of  the  data  for  oxalic  acid  as  compared  with  those  of  Ono.J 
That  irregular  fluctuations  may  be  regarded  as  due  to  individual 
peculiarities  is  indicated  by  the  consistency  in  the  various  factors. 
For  instance,  a  lack  of  due  increase  in  weight  is,  in  general,  accom- 
panied by  an  abnormal  rise  in  the  coefficients  of  acid  and  sugar, 
pointing  to  internal  differences  rather  than  to  errors  in  calculation 
or  manipulation. 

Chloroform  belongs  to  the  so-called  catalytics  in  Loew's  § 
classification.  The  small  amount  absorbed  by  the  water  of  the 
nutrient  solution  affects  the  protoplasm  so  as  to  cause  it  to  work 
more  economically,,  possibly  through  action  on  the  enzyme 
formed.  II  However  that  may  be,  the  figures  point  again  to  the 
explanation  of  the  phenomena  advanced  by  Richardsif  and  by  Ono*  * 
as  his  third  alternative,  /.  e.,  that  the  fungus  can  under  the  condi- 
tions produced  by  the  stimulant  thrive  more  economically. 

The  sensitivity  of  Penicillium  on  solution  A  is  about  equal  to 
that  of  Sterigmatocystis  oa  solution  C. 

Another   question   of  interest  is   the   stage  in   the  growth  at 

which  the  CHCI3  is  most  potent.     To  learn  this,  series  were  run 

with  the  optimum  of  CHCI3  placed  in  some  when  set  up  as  before 

and   in  others  after  the  spores  had  been  allowed  to  start.     The 

former  were  more  prosperous  (Table  III)  ;  that  is,  the  impulse  given 

at  germination  is  more  effective  than  one  applied  later,  but  even 

after  complete  germination,  the  fungus  responds,  although  in  a 

lesser  degree,  in  the  characteristic  fashion. 

__  _  _ 

f/.. .. 

XL.c. 

§  Loew.     *'Naturlichc  System  der  Gift  Wirkungen. *'  Munich,  1893,  as  quoted 
by  OaveDport,  Experimental  Morphology,  p.  7. 
II  Hueppc  ( /.  c.)  suggests  this  vaguely. 

**  L.  c. 
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That  chloroform  cannot  furnish  carbon  was  settled  by  sowing 
spores  on  a  solution  of  the  necessary  salts,  but  omitting  sugar,  and 
then  placing  in  optimum  chloroform  conditions.  Not  a  sign  of  a 
germ  tube  appeared  even  after  two  weeks'  time. 

Although  there  are  no  direct  data  on  this  point  at  present,  still 
it  is  very  evident  to  the  worker  that  a  given  amount  of  chloroform 
is  more  efficacious  at  a  higher  than  at  a  lower  temperature,  that  the 
optimum  point  recedes  as  the  temperature  rises.  It  was  impossi- 
ble to  keep  the  temperature  of  the  room  in  which  the  cultures 
were  grown  constant  for  any  considerable  period,  but  the  truth  of 
the  statement  was  many  times  manifest  at  various  stages  in  the 
development.  In  one  or  two  instances  when  the  crop  ripened  at 
from  32-34®  C,  the  optimum  was  pushed  back  from  ^— ^^  ^^  li 
or  even  ^  c.c.  per  litre. 

The  facts  indicated  are,  that : 

1.  When  present  in  small  quantities  CHCl,  vapor  acts  as  a 
characteristic  stimulant  to  the  growth  of  Sterigmatocystis  nigra 
and  Penicillium  glaucum, 

2.  Larger  quantities  are  inimical  or  fatal. 

3.  Increased  growth  is  attended  by  relatively  less  acid  forma- 
tion and  less  sugar  consumption  indicating  greater  economy  in 
metabolism. 

4.  The  time  of  greatest  sensitiveness  is  at  the  germination  of 
the  spores. 

5.  CHCI3  acts  as  a  stimulant  purely  since  it  cannot  be  a 
source  of  carbon. 

6.  The  effect  of  a  given  amount  of  the  anaesthetic  is  greater  as 

the  temperature  rises. 

Barnard  College,  Columbla  University, 
April,  1905. 
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Table  I. 

Sterigmatocystis  nigra, — Solution  A. 


CHCI3. 

Net 

Per  Cent. 
Increase 

Oxalic    A?S?*ii. 
Acid  by  ^*=^P*^ 
Weight      p^ 

Sugar 

Economic  Coeffi- 
cient. 

pcrli. 

Wnght. 

Over 
Normal. 

Used. 

Sugar: 
Fungus.  1 

Fungus 
Sugar. 

c.c. 

grams. 

grams.      grams. 

grams. 

Series  I. 

0 

.5836 

— 

.3942        .6754 

2.7069    1  4.6378    1 

.2156 

Time  14  days. 

0 

.6628          — 

.4097        .6181 

3.0790 

4.6454 

.2152 

Temp.  26O-33OC. 

A 

.7400        18.74 

.2164        .2924 

2.U30 

1  2.8554 

.3502 

10%  sugar  sol. 

.7360        18.10 

.1597 

.2170 

2.2754 

2.9820 

•3353 

\ 

.6838          9.72 

.2860 

.4182 

1.9804 

i  2.8960 

.3453 

A 

.7088        13.73 

.1468        .2071 

1.9885 

1  2.8054 

.3564 

Scries  II. 

0 

.1850 



.1933  1  1.044 

.7926 

1  4.284 

■2334 

Time  12  days. 

0 

.2128 

— 

.1571        .7382 

.8888 

4.176 

.2394 

Temp.  240-270C. 

A 

.2950 

48.31 

.3622      1.227 

1.3099 

1  4.437 

.2254 

i 

.3314       66.62 

.2566        .7743 

1.5031 

'  5.435 

.2204 

•h 

.4216 

III.9 

.2203,     .5225 

1.6829 

;  3.991 

.2505 

f 

.3110 

56.36 

.1764' 

.5672 

1.3443 

1  4.321 

.2314 

Scries  III. 

0 

.1806 



.1996 

1. 105 

,    .7502 

4.164 

.2407 

Time  12  days. 

0 

.1294 

— 

.1585 

1.224 

.5492 

4.487 

.2228 

Temp.  24«'-270C. 

^ 

.5036     224.9 

.1558 

.3093 

1.5577 

3091 

.3309 

\ 

.4530 

192.2 

.1276 

.2816 

1.3916 

3.072 

.3255 

i% 

.2448 

57.93 

.0866 

.3537 

.6952 

2.839 

.3521 

i 

.1598 

3.10 

.0618 

.3867 

.4482 

2.804 

.4488 

Series  IV. 

0 

.1750'  "     - 

.1392'     .7954 

.639 

3.651 

.2738 

Time  12  days. 

0 

.0790  1         - 

.0928 

1. 174 

.281 

3.557 

.2811 

Temp.  220-28°C. 

Jl 

.2620  1  106.3 

.1624 

.6198 

,  1.084 

4.137 

.2147 

.2710,  II3.4 

.1753 

.6468 

1.080 

3.985 

.2509 

I 

.2100  1     65.4 

.1469 

.6995 

11^8 

3.966 

.2521 

.2780     1 18.9 

.1469        .5284 

4.237 

.2359 

* 

.2226       75.3 

.1005        .4535 

i  1.062 

4.770 

.2096 

} 

.1690       33.1 

.1237        .7319 

'    .813 

4.810 

.2078 

Series  V. 

0 

.0920  1        — 

.1391      1. 512 

1    .462 

5.021 

.1991 

Time  9  days. 

0 

.0640  1        — 

.1121      1.751 

,    .353 

5.515 

.1813 

Temp.  260-310C. 

\ 

.1170       50.0 

.2589  1  2.212 

1    .595 

5.0^5 

.1966 

A 

.15501     98.7 

.2705      1.745 

.747 

4.819 

.2075 

i 

•1370,     75.6 

.2628      1. 918 

i    .704 

5.138 

.1946 

i^ 

.1590  '  103.8 

.2551      1.604 

.767 

4.824 

.2073 

* 

.1110       44.3 

.2164  '   1.949 

.630 

5.676 

.1761 

J 

.1750 

124.3 

.2056      1. 174 

,    .837 

4.783 

.2090 

Scries  VI. 

0 

.0564 



.0773  '1.371 

0.181 

3.195 

.3130 

Time  7  days. 

0 

.0360  '        — 

.0619      1. 719 

0.141 

3.917 

.2553 

Temp.  27«>-340C. 

A 

.3650     690.0 

.2783  1  0.762 

1  1.480 

4.055 

.2466 

.2020  1  337.2 

.1739     0.861 

i  0.750 

3.713 

.2693 

X 

.2720     488.7 

.1662  1  0.61 1 

1  0.623 

2.290 

.4366 

.2736     492.2 

.1971  1  0.724 

1  0.976 

3.567 

.2803 

ii 

.2256     388.3 

.1469     0.651 

0.623 

2.761 

.3621 

} 

.2246  1  386.1 

.1469     0.654 

1  0.701 

3-121 

.3204 
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Table  I. — Concluded, 

Sterigmatocystis  nigra. — SOLUTION  A. 


CHG, 
peril. 

Net 

Weight. 

Percent. 
Increase 

Over 
Normal. 

Oxalic 
,  Acid  by 
Weight. 

Oxalic 
Acid  per 

gm. 
Fungus 

Sugar 
Used. 

'   Economic  Coeffi- 
cient. 

Sugar:     Fungus: 
Fungus.      Sugar. 

c.c. 

1  grams. 

1  grams. 

grams.        grams. 

Series  VII. 

0 

.0200 

— 

.0541 

2.705 

253 

12.64 

.0791 

Time  lo  days. 

0 

.0280 

— 

.0541 

1-932 

290 

10.35 

.0967 

Temp.  24°-30°C. 

,*. 

.1290 

437.5 

.1852 

1.436 

574 

4.453 

.2246 

•1340 

458.3 

.0696 

0.5194    , 

518 

3865 

.2587 

J 

.1952 

713.3 

.0812 

0.4160 

627 

3.214 

.31" 

ii 

.i960 

716.7 

.0696 

0.3551 

627 

3.201 

.3124 

f 

.1854. 

672.5 

' .0696 

0.3754 

653 

3.520 

.2841 

f 

.1420 

491.7 

.0501 

0.3528 

326 

1     2.296 

, .4356 

Series  VIII. 

0 

.0570  ' 



1.1314 

2.305 

343 

6.025 

.1659 

Time  13  days. 

0 

.0660 

— 

1 .1275 

1.932 

361 

1     5.462 

.1830 

Temp.  24°-30°C. 

k 

.0980 

59-4 

.1469 

1-499     1 

488 

4.984 

1  .2006 

A 

.1990 

223.6 

.0696 

0.3497 

574 

'     2.885 

'  .3387 

i 

.1810 

194.3 

: .0773 

0.4271 

713 

t     3.940 

.2538 

t'j 

.2650 

330.9 

.0696 

0.2626 

701 

'     2.647 

.3778 

* 

.1880 

205.7 

.0503 

0.2676 

427 

2.287 

.4408 

} 

M13O 

83.7 

.0194 

0.1717 

253 

1     2.237 

'  .4470 

Series  IX. 

0 

.0820 

__ 

, 

Time  21  days. 

0 

.0987 

_ 

] 

1 

Temp.  23^-25 °C. 

t 

.1810 

.1930 
.2508 
.1510 

•3594 

101.3 
1 14.7 

178.9 

6S.0 

299.8 

t 

1 

H 

-r 

.2390 

165.9 

1 
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Table  II. 
Averages  of  data  given  in  Table  I. 


CHCl,  I 

peril.    I 


i 
i 


Net 

Weight. 


gram*. 

0.2702 
0.2987 
0.3015 
0.2998 
0.2518 
0.1771 


Per  Cent. 

1 

Increase 

Oxalic  Acid 

Over 

by  Weight. 

Normal. 

grams. 

— 

0.1563 

209.0 

0.2080 

181.9 

0.1796 

220.5 

0.1756 

223.7 

0.1490 

249.3 

0.1174 

214. 1 

O.I  091 

Oxalic  Acid 

per  gm. 

Sugar  Used 

Fungus. 

grams. 

grams. 

I.4123 

0.754 

1. 1368 

1.056 

0.7344 

I.IOI 

0.6932 

1.047 

0.5696 

1.077 

0.6643 

0.741 

0.6168 

0.586 

Economic  Coefficient. 


Sugar: 
Fungus. 


5.3579 

4.2615 

3.722 

3.744 

3514 

3-734 
3.449 


Fungus : 
Sugar. 


0.2122 
0.2388 
0.2771 
0.2924 

o.  2966 

0.3076 
03239 


Table  III. 

Sterigmatocystis  nigra. — SOLUTION  C. 


Series  X. 
Time  7  days. 
Temp.  250-32«»  C. 


Series  XI. 
Time  7  days. 
Temp.  30«>-3i°  C. 

Series  XII. 
Time  4  days. 
Temp.  32*'-34°  C. 


Series  XIII. 
Time  4  days. 
Temp.  27^-32°  C. 


CHCU 
peril. 

c.c. 
O 
O 

t 


i 

O 

i 

h 
i 

o 
o 


Net 

Weight. 


O 

I. 


grams. 
0.0596 
0.0340 
0.0210 

o  0290 
O.I  150 

0.0720 
0.0650 

O.I  120 

0.0886 
0.3106 
0.3610 
0.2340 

0.I9I0 
0.1660 
0.2810 
0.2860 
0.1920 

0.4470 
0.3520 

0.22CO 
0.4660 
0.5790 
0.2130 
0.2120 
0.1980 


Sugar  Used. 

Sugar: 

Fungu». 

grams. 

1. 167 

19.58 

1. 167 

34.32 

0.858 

40.86 

0.858 

29.59 

1.038 

9.026 

0.930 

12.91 

0.832 

12.80 

0.930 

8.303 

Economic  Coefficient. 

Fungus : 
Sugar 


0.05  II 
0.0291 
0.0245 
0.0339 

O.I  108 

0.0774 
0.0781 
0.1204 
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Table  IV 

Sterigmatocyiiii  nigra. — Solution  A 


5^ 


Series  XIV. 

Temp.  24°-3l°  C. 
CIICI3  iD  before  ger- 
mination, out  after  ger- 
mination, t.  e.^  in  7 
days.  Total  time  9 
days. 

CllCl,  after  germina- 
tion, I.  e, ,  after  2  days ; 
CHCl,  in  10  days. 
Total  time  12  days. 

Series  XV. 

Temp  27°-320  C. 
CHCl,  in  before  ger- 
mination, out  after  ger- 
mination, I.  e.^  in  3 
days.  Total  time  7 
days. 

CHCI5  in  after  germi- 
nation, f.  ^.,   after    2  1 
days;    CHCI3    in     8 
days.     Total  time  lo  I 
days.  I 

Scries  XVI. 

Temp.  23°-29°  C.  i 

CHCI3  in  before  ger- 1 
mination,  in  4  days.  < 
Total  time  14  days. 
CHCl,  in  after  germi-  j 
nation.  In  14  da3rs.  I 
Total  lime  16  days.      ; 

Series  XVII. 

Temp.  26°-28°  C. 
CHCI3  in  before  ger- 
mination. In  4  days. 
Total  time  8  days. 
CHCI3  in  after  germi- 
nation. In  12  days. 
Total  time  12  days. 


Net 

Wdght. 


grams. 

o.  1470 

0.0950 
0.3200 
0.1500 


0.0840 

0.0794 

0.1240 

2  ,  02530 


o  I  0.2200 
o  0.1336 
\   I  0.2760 

^2   0.3040 


o  0.1780 
o  '  0.1350 
i  I  0.0490 

Y^j  I  0.0280 

I 
I 

o  I  0.0780 
i  '  0.3730 

T^I  0.1700 

o  I  O.I 190 
\  0.2000 
T^J  0.2676 

o  0.0674 

i  0.1470 
/li  0.1530 

o  '  0.1040 

i  I  0.0330 

j\    o.  1040 


Oxalic 


OxaUc    ' 
Acid  by  i      Acid      I     Sugar 


Economic  Coefficient. 


a2744  I  1.542 

j  0.2435  '  »-8o4 

I  0.0154  0.3143 

I  0.0193  0.6893 


I    grams.  grams. 

0.1276  0.8680 

'  0.1044  1.099 

I  0.1 121  I  0.3503 

,  0.0348  :  0.2320 


,0.1585  1.887      I 
0.1778   I  2.239 

0.0309  0.2492   I 

0.0619  0.2447 

0.1925  0.8750 

0.2040  1.527 

0.1584  0.5739 

O.I  1 98  0.3941 


grams. 
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The  Publications  of  the  Department  of  Botany,  Co- 
lumbia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Species  of 
the  Genus  Pofy^onum.     Pp.178.    84  plates.     1895.    Price, 
six  dollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Poten- 
tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
1 1 ,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1 892-1 894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  50.  52,  54.  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1 895- 1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  ^ve  cents,  except  No.  119  which  is  fifty  cents, 
and  Nos.  loi,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133,  136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume ;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
^VQ  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos.  157  and  15$,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  StsyrincAimm, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  0/ Botany. 

Nkw  York  city. 
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where  I  collected  it  on  the  morning  of  September  22,  long  past 
flowering  (no.  2011)*  None  of  the  plants  were  over  three  or  four 
feet  tall.  Elliottia  is  a  very  ordinary-looking  bush  when  not  in 
flower,  and  might  easily  be  mistaken  for  something  else,  particu- 
larly for  Diospyros  virginiana,  a  small  form  of  which  sometimes 
grows  in  similar  situations. 

Azalea  Candida  Small 

Seen  only  on  outcrops  of  Altamaha  Grit,  in  Tattnall  County, 
June  24  (no,  jSsS)^  and  26,  and  in  the  northeastern  comer  of  Coffee 
County,  September  1 1 .  Previously  reported  only  from  the  type- 
locality  in  Lowndes  County,  but  on  what  formation  is  not  known. 
At  the  time  I  collected  it,  it  was  long  past  flowering ;  f  and  the 
flowers  are  not  yet  known,  except  from  a  few  shrivelled  fragments 
on  the  type-specimens,  which  were  collected  at  about  the  same 
time  of  year  as  mine.  This  species  is  probably  nearest  related  to 
A,  canescens  Mx. 

Dicerandra  odoratissima  Harper 

Noticed  on  the  sand-hills  of  the  Altamaha  River  in  Liberty 
County,  September  14.  Here  the  corollas  were  often  slightly 
tinged  with  pink,  making  an  approach  in  this  respect  to  the  other 
species  of  the  genus.  Captain  LeConte's  specimen  (mentioned  in 
my  original  description)  %  may  have  come  from  near  this  place. 

Pentstemon  dissectus  Ell. 

After  having  been  lost  to  science  for  seventy  years  or  so, 
this  species  was  collected  on  outcrops  of  Altamaha  Grit  near  the 
Ohoopee  River  in  Tattnall  County  on  June  24,  in  fruit  {no.  1856), 
and  seen  in  similar  situations  in  Dooly  County  on  August  29.  It 
has  a  rather  interesting  history.  It  was  described  by  Elliott  from 
specimens  sent  "  from  Louisville,  Georgia,"  by  James  Jackson,  §  but 

^On  May  1 1,  1904,  I  revisited  this  spot  and  found  that  it  had  just  been  buraed 
over  and  the  Elliottia  completely  denuded,  but  roost  of  the  specimens  were  putting  out 
new  leaves  again. 

t  On  April  26,  1904,  I  revisited  the  spot,  and  it  was  just  past  flowering  then. 

X  Bull.  Torrey  Qub  28 :  479.     1901. 

\  This  James  Jackson,  afterward  a  professor  in  the  University  of  Georgia,  seems  to 
have  been  a  son  of  the  General  James  Jackson  who  was  governor  of  Georgia  from  1798 
to  1801,  at  which  time  Louisville  was  the  capital  of  the  state. 
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it  is  not  likely  that  the  specimens  were  collected  close  to  Louisville, 
for  Mr.  M.  H.  Hopkins,  a  very  observant  botanist  who  has  lived 
in  Louisville  for  years  and  is  familiar  with  the  surrounding  country, 
tells  me  that  he  has  never  seen  this  plant.  But  the  Altamaha 
Grit  country  comes  within  fifteen  miles  of  Louisville,  and  if  there 
are  any  rock  outcrops  in  that  part  of  it,  it  may  have  been  on  one 
of  them  that  Mr.  Jackson  found  the  Pentstemon,  It  was  a  common 
practice  in  Elliott's  time  (and  continues  to  some  extent  to  the 
present  day,  unfortunately)  for  authors  to  cite  as  localities  for 
their  specimens  merely  the  nearest  town,  or  the  place  from  which 
they  were  sent. 

Croom*  has  pubiished  the  following  note  on  this  species : 
"Abundant  in  wet  Pine  woods,  between  the  Oakmulgee  and 
Oconee  Rivers,t  Georgia.  Flowers  in  May."  His  statement 
that  it  grows  in  wet  places  is  rather  puzzling  (unless  perhaps  he 
saw  it  in  rainy  weather,  when  everything  was  wet),  for  I  find  it  on 
dry  rocks.  I  And  I  do  not  quite  understand  its  being  abundant, 
or  growing  so  far  inland. 

The  fruit  of  Pentstemon  dissectus  has  never  been  described, 
but  it  docs  not  differ  noticeably  frort  that  of  P,  hirsutus  (the  com- 
mon species  in  Georgia). 

Utricularia  resupinata  B.  D.  Greene 
On  the  miry  margin  of  a  large  shallow  grassy  pine-barren 
pond  in  the  lime-sink  region  of  Decatur  County  about  two  miles 
southwest  of  Donalsonville,  August  1 1  {no,  192^),  Not  previously 
reported  from  Georgia,  or  from  any  other  southern  state  except 
Florida. 

Stokesia  laevis  (Hill)  Greene 
This  species  has  the  reputation  of  being  rare,  therefore  the  an- 
nouncement of  a  station  for  it  in  Georgia  may  be  of  interest.  On 
September  9  I  collected  it  in  moist  pine-barrens  in  Dodge  County 
near  Suomi,  in  the  Altamaha  Grit  region  {no.  igSdy  It  was 
already  past  flowering. 

*  Am.  Jour.  Sci.  25  :  76.     1834. 

f  Doubtless  somewhere  between  the  modern  cities  of  Dublin  and  Hawkinsville, 
through  or  near  which  points  Croom  is  known  to  have  passed. 

X  The  same  discrepancy  exists  between  the  type-habitat  and  present  known  habitat 
of  Gerardia  Plukeneiii  Ell.     See  Mohr,  Contr.  U.  S.  Nat.  Herb.  6  :  727.     1901. 
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Carphephorus  tomentosus  (Michx.)  T.  &  G. 
This  species  seems  to  have  such  a  limited  distribution  in 
Georgia  that  a  few  stations  for  it  may  be  worth  mentioning.  I 
have  seen  it  only  in  rather  dry  nearly  flat  pine-barrens  in  the  lower 
part  of  the  Altahama  Grit  region  or  between  that  and  the  coast,  in 
the  counties  of  Appling,  Wayne  and  Pierce.  In  September,  when 
it  was  in  flower,  I  saw  it  at  the  following  places.  In  Appling : 
near  Prentiss  {no.  i^ppj),  and  between  Southern  Pines  and  Hurst 
(two  stations  on  the  B.  &  B.  R.  R.) ;  in  Wayne  :  near  Hortense 
and  Nahunta ;  and  in  Pierce,  between  Offerman  and  Bristol. 

Chondrophora  virgata  (Nutt.)  Greene, 
Erythea  3:  91.  1895 
This  little  known  species  has  an  interesting  and  rather  anom- 
alous distribution  and  somewhat  of  a  history.  The  only  definite 
stations  for  it  now  on  record  are  in  the  mountains  of  Alabama,  on 
Carboniferous  sandstone.  Its  occurrence  there  has  been  de- 
scribed or  discussed  by  Mohr,*  Kearney  f  and  Harbison  J  ;  and  I 
have  seen  an  immature  specimen  collected  somewhere  in  the  same 
region  by  Eggert.  In  1903  I  met  with  it  quite  unexpectedly  in 
Georgia,  two  or  three  hundred  miles  from  the  Alabama  localities 
and  in  very  different  surroundings  from  those  previously  described, 
but  associated  with  a  few  of  the  same  species  which  are  said  to  ac- 
company it  in  Alabama.  I  found  it  only  on  outcrops  of  Alta- 
maha  Grit,  in  Tattnall  {no.  iSjf)  and  Dooly  {no,  /Sjs)  counties. 
At  the  latter  station  C,  nudata  (which  is  very  abundant  in  almost 
all  moist  pine-barrens)  was  growing  only  a  few  yards  away,  but 
the  two  species  were  perfectly  distinct,  though  flowering  at  the 
same  time.  There  can  be  little  doubt  of  the  identity  of  my  speci- 
mens with  those  from  Alabama,  but  whether  any  of  these  are  the 
same  as  Nuttall's  type  is  another  question,  as  Dr.  Mohr  pointed  out. 

Chrysoma    pauciflosculosa  (Michx.)  Greene,  Erythea  3 : 

8.    1895 
This,  usually  considered  a  sea-beach  plant,  §  also  occurs  some 
distance  in  the  interior.     On    September    10  I   found  it  at  two 

*  Bull.  Torrey  Club  24 :  28.    1897  ;  Contr.  U.  S.  Nat.  Herb.  6  :  79,  771.    1901. 

t  Science  II.  12  :  833.     30  N  1900. 

X  Biltmore  Hot.  Stud,  i  :  153.     1902. 

\  See  Lloyd,  Bull.  Torrey  Club  28  :  445-450.     1 901. 
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places  on  the  western  border  of  Montgomery  County,  on  the  sand- 
hills of  Gum  Swamp  Creek  {no,  1^86)  and  its  continuation,  the 
Little  Ocmulgee  River.  The  bushes  were  about  a  meter  tall,  and 
just  beginning  to  flower.  In  the  Torrey  Herbarium  there  is  a 
specimen  collected  by  Croom  still  farther  inland,  on  the  sand-hills 
of  Brier  Creek,  Georgia  (doubtless  on  the  Augusta-Louisville  road, 
near  where  Richmond,  Burke  and  Jefferson  counties  meet),  and 
it  is  mentioned  in  some  of  Croom*s  letters  to  Torrey. 

Aster  eryngiifolius  T.  &.  G.  Fl.  N.  Am.  2:  502.     1843 
Prionopsis  Chapmanii  T.  &  G.  Fl.   N.  Am.  2:  245.     1842.    Not 

Aster  Chapmanii  T,  &  G.  Fl.  N.  Am.  2:   161.      1841. 

In  moist  undulating  pine-barrens  about  a  mile  east  of  Recov- 
ery, Decatur  County,  August  14  {no,  1932) ;  so  rare  that  I  could 
find  only  two  or  three  good  specimens.  This  locality  is  near  the 
extreme  southwest  end  of  the  Altamaha  Grit  region.  The  species 
has  been  previously  reported  only  from  Florida,  but  on  what  for- 
mation it  is  of  course  not  stated. 

Antennaria  solitaria  Rydb. 
Abundant  at  one  place  in  rich  shady  woods  near  Cuthbert, 
July  28  {no.  i^oj).  This  is  the  only  station  known  for  it  in  the 
coastal  plain,  with  the  exception  of  Carpenter's  original  station  in 
Louisiana, "*"  which  probably  has  not  been  rediscovered.  A,  plan- 
taginifolia,  which  I  have  also  never  seen  farther  south,  grows  in 
drier  places  in  the  same  woods. 

Acanthospermum  HisPiDUM  DC.  Prodr.  5:  522.      1836 

Rather  abundant  in  waste  places  along  the  river  road  in  the 
outskirts  of  Darien,  Sept.  16  {no,  /ppp).  A  native  of  South 
America,  not  previously  reported  from  the  United  States.  It  has 
a  very  different  aspect  from  its  now  too  common  congener  A.  aus- 
trale^  being  an  erect  bushy  plant  sometimes  a  meter  tall  and  wide. 

*T.  &  G.  Fl.  N.  A.  a  :  431.  1843.  What  part  of  Louisiana  is  not  specified, 
bot  a  note  in  Carpenter's  handwriting,  accompanying  the  specimen  in  the  Torrey  Her- 
bariom,  says:  *' Sides  of  steep  hills,  nesu*  Jackson,  La.  Feby.  loth.''  Jackson  (or 
at  least  the  modem  settlement  of  that  name)  is  in  East  Feliciana  Parish,  considerably 
oearer  the  coast  and  farther  sooth  than  my  station,  and  hundreds  of  miles  from  any 
other  known. 
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A  specimen  labeled  '*  Ballast  ground,  Pensacola,  Florida/*  col- 
lected by  A.  H.  Curtiss,  August  2,  1899  {no,  6501,  distributed  as 
A,  humile  DC.)  is  identical  with  my  plant. 

Helianthus  heterophyllus  Nutt. 
This  seems  to  be  quite  rare  in  Georgia.     I  saw  it  in  September 
in  rather  dry  pine-barrens  near  Jesup  and  Offerman,  but  not  in 
sufficient  quantity  to  collect. 

Baldwinia  atropurpurea  Harper 
Principally  confined  to  the  Altamaha  Grit  region,  but  seen 
also  in  September,  1903,  in  the  nearly  flat  pine-barrens  of  Wayne 
and  Pierce  counties,  where  the  Grit  may  possibly  be  overlaid  by 
some  newer  formation.  In  Wayne  County  it  is  quite  common^ 
and  I  secured  excellent  specimens  nearNahunta  on  the  19th  {no, 
200j\  A  few  days  later  I  found  it  in  two  additional  counties  well 
within  the  Grit  region,  namely,  Coffee  and  Wilcox.  Traveling 
from  Douglas  to  Cordele  on  the  23d,  a  distance  of  about  65  miles 
through  the  Altamaha  Grit  region,  I  noted  this  plant  seventeen 
times,  between  different  mile-posts,  in  four  counties.  (That  such 
a  common,  conspicuous  and  unmistakable  plant  should  have  been 
overlooked  until  the  end  of  the  19th  century  is  a  striking  illustra- 
tion of  how  little  the  interior  of  South  Georgia  has  been  explored 
by  botanists.*) 

Marshallia  ramosa  Beadle  &  F.  E.  Boynton 
This  recently-described  species  seems  to  have  considerable 
variation  in  habitat.  It  was  discovered  in  1900  "in  moist,  sandy 
pine-lands  at  [or  near?]  Eastman,  Georgia.**  In  1902  I  found 
it  in  dry  pine-barrens  in  Johnson  County, f  and  in  1903  I  found  it 
only  on  outcrops  of  Altamaha  Grit,  in  Tattnall  {no.  iSjj)  and 
Dodge  counties.  The  latter  station  is  only  a  couple  of  miles 
from  Eastman,  and  therefore  somewhere  near  the  type-locality. 

Mesadenia  diversifolia  (T.  &  G.)  Greene 
Cacalia  diversifolia  T.  &  G.  Fl.   N.  Am.  2  :   435.   1843  J   Chapm. 
Fl.    S.    States   244.      i860.     Type-locality  (according  to  Dr. 
Chapman,    the  discoverer) :    **  Muddy  banks  of  the  Chipola 
River,  [near?]    Marianna,  West  Florida.** 

*  But  that  part  of  the  railroad  from  which  these  seventeen  observations  were  made 
did  not  exist  in  the  summer  of  1900,  when  the  species  was  discovered, 
t  See  Bull.  Torrey  Club  31  :   27.      1904. 
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Mesadenia  difforntis  Small,    Fl.     S.   E.     States     1301.       1903. 

Type-locality :     Walton     County,    Florida.      (Collected    by 

Curtiss  in  1885.) 

When  I  was  assisting  Dr.  Small  in  preparing  a  key  to  Mesa-- 
denia  for  his  Flora  we  could  find  no  specimen  of  M,  diversifolia^ 
and  came  very  near  omitting  this  species  entirely  as  being  too 
little  known.  The  original  specimens,  collected  by  Chapman, 
must  have  been  lost,  as  the  material  so  labeled  in  the  Torrey  Her- 
barium represents  something  very  different,  and  inquiry  at  the 
Gray  Herbarium  failed  to  reveal  anything  corresponding  to  the 
original  description. 

But  within  two  weeks  after  the  book  was  given  to  the  public 
I  unexpectedly  received  a  great  deal  of  new  light  on  the  subject. 
On  August  4  I  found  specimens  agreeing  exactly  with  Chapman's 
description  (as  far  as  it  goes)  in  the  muddy  swamps  of  Spring 
Creek  at  two  different  places :  in  Early  County  near  Damascus 
(no,  igi4)  and  in  Miller  County  near  Colquitt  (no,  1917.)  A 
couple  of  months  later  I  saw  in  the  Biltmore  Herbarium  a  good 
specimen  collected  on  the  muddy  banks  of  the  Chipola  River  near 
Marianna,  Florida  (the  type-locality,  apparently),  by  C.  L.  Boyn- 
ton,  August  31,  1899. 

One  important  character  can  now  be  added  to  the  descriptions 
of  this  species ;  viz.,  the  involucral  bracts  have  winged  keels,  as 
in  M.  tuberosa,  M,  Floridana,  and  M,  sulcata,  M,  diversifoiia  dif- 
fers from  these  three  species,  however,  in  having  the  stem  merely 
angled,  not  furrowed  (just  as  Dr.  Chapman  indicated),  as  well  as 
in  the  lobed  upper  leaves  and  in  habitat. 

M.  difforntis  Small,  based  on  a  single  immature  specimen  col- 
lected in.  Walton  County,  Florida,  by  A.  H.  Curtiss  in  1885,  now 
proves  to  be  merely  a  young  state  of  M,  diversifoiia,  and  must  be 
relegated  to  synonymy. 

As  now  understood,  Mesadenia  diversifoiia  has  a  very  restricted 
range,  being  known  only  from  Early  and  Miller  counties  in  Georgia 
and  Jackson  and  Walton  counties  in  Florida,  all  of  which  are  wholly 
or  partly  in  the  Lower  Oligocene  or  lime-sink  region.  It  is  also 
to  be  expected  in  the  intervening  counties  of  Decatur  in  Georgia 
and  Houston  in  Alabama. 

COLI.ECE    TOINT,    NkW    VoRK. 
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Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume ;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannotjbe  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.   No.  201 — (current). 

*  Nos  157  and  158,  with  the  set  of  eleven  papers  by  Mr.  Bicki»eH  on  SisyrincMimwh 
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in  Cuba  covered  a  period  of  nearly  ten  years.  He  arrived  in 
Santiago  de  Cuba  25  November  1856,  and  returned  to  New  York 
9  September  1857.  His  second  voyage  brought  him  to  Santiago 
30  November  1858  and  he  left  Havana  for  New  York  28  July 
1864.  His  third  trip  commenced  in  May  1865  and  he  returned 
in  July  1867. 

In  order  to  determine  more  accurately  Wright's  exact  route 
in  Cuba,  the  writer  applied  to  Miss  M.  A.  Day,  the  librarian  of 
the  Gray  herbarium,  for  information  regarding  Wright's  field 
notes  or  other  sources  of  information  that  might  exist  at  Cam- 
bridge. Through  her  kind  intervention,  it  was  made  possible  to 
examine  the  extensive  series  of  letters  written  by  Wright,  during 
his  long  residence  in  Cuba,  to  Dr.  Asa  Gray.  These  are  now  in 
the  possession  of  Mrs.  Gray  and  it  is  owing  to  her  generosity  that 
we  were  able  to  consult  at  our  pleasure  the  long  series,  which  con- 
sists of  some  two  hundred  finely  written  and  often  long-continued 
letters  which  are  full  of  valuable  notes  on  the  flora.  The  time 
will  come  when  the  publication  of  these  letters,  or  excerpts  from 
them,  will  form  a  valuable  commentary  on  Cuban  plants.  The 
tedious  perusal  of  these  letters  was  diversified  by  Wright's  ac- 
counts of  his  experiences,  some  of  which  were  almost  the  dupli- 
cate of  our  own,  and  more  especially  by  the  side-notes  on  the 
political  situation  existing  in  our  country  during  the  stormy  and 
tumultuous  period  of  the  Civil  War  (1861-1865).  It  would  ap- 
pear that  Wright  was  a  northern  Democrat,  and  his  previous 
travels  in  the  South  had  led  him  to  understand  the  problem  from 
a  broader  standpoint  than  many  of  the  residents  of  New  England, 
whose  bias  was  in  great  measure  due  to  this  lack  of  exact  informa- 
tion of  the  real  situation,  and  his  vigorous  statements  were  evidently 
called  forth  by  equally  strong  sentiments  from  his  correspondent. 

As  we  are  concerned  at  present  only  with  the  matter  of 
Wright's  itinerary,  we  will  cite  only  the  dates  and  localities  where 
the  letters  were  written,  with  sufficient  of  the  context  to  explain 
the  locality  and  the  direction  of  the  course  of  exploration. 

was  also  engaged  part  of  the  time  in  collecting  shells  and  other  things,  especially  after 
he  met  Gundlach.  In  Dr.  Gray's  Letters  (a  :  555)  these  sentences  explain  the  cause  of 
the  loss  :  **  April  8th.  It  grieves  my  heart  and  will  grieve  yours  badly  when  I  tell  you 
that  your  boxes  were  put  under  a  cargo  of  wet  sugar,  which  drained  into  them  and  have 
[j/r]  ruined  the  collection.  ...  As  to  specimens  to  dispose  of,  say  only  one-half  or 
one-third  of  the  whole  mass  is  left  fit  for  it." 
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This  list  of  Wright's  stations  has  been  submitted  to  Professor. 
F.  S.  Earle,  Director  of  the  Estacion  Central  Agronomica  at 
Santiago  de  las  Vegas,  Cuba,  whose  familiarity  with  the  country 
has  enabled  him  to  locate  certain  places  and  estates  on  the  map  of 
Cuba  that  would  have  been  impossible  to  one  less  familiar  with 
the  geography  of  the  region.  In  time,  it  may  be  possible  to  locate 
with  accuracy  the  remaining  stations,  which  are  as  yet  unknown 
except  from  the  brief  and  often  unsatisfactory  hints  in  Wright's 
correspondence.  The  notes  added  by  Professor  Earle  to  the  ac- 
count are  marked  with  his  initial  —  E. 

Summary  of  Charles  Wright's  Correspondence  with  Asa  Gray 

I 
1856.  25  N      Santiago. 

6  D      Cobre  ;  written  on  third  day  of  stay  at  that  place. 

18  D      Filantropia  (Mr.  Bradford's  estate)  12  miles  from  Cobre  <* among  the 
mountains." 
'857.  15  Ja     Filantropia. 

7  F       Filantropia.    Mentions  **  two  high  points  near  here,"  viz.,  Nima-nima* 

and  Loma  del  Gato. 
6  Mr    Filantropia.     Speaks  of  going  to  Saltadero. 
9  Mr    Filantropia.     Had  finished  packing ;  had  visited  4  plantations. 

14  Mr    Cobre. 

3  Ap    Santa  Catalina  de  Guaso  or  Saltadero  (back  of  Guantanamo  harbor).  ' 

[Probably  ■=■  Cairaanera.  —  E.  ] 
5  Ap    Santa  Catalina. 
23  Ap    Monte  Verde. 
3  My        *♦  ** 

8  My    Saltadero.     [Probably  the  same  as  Caimanera,  the  seaport  of  Guan- 

tanamo.—  E.] 
[Here  occurs  a  hiatus  of  four  months  in  the  correspondence.] 

9  S       At  sea  approaching  New  York. 

II 

1858.  30  N      Santiago  de  Cuba. 

5  D      Monte  Verde.     "Arrived  here  on  3d." 
17  D  **  " 

1859.  I  Ja 

17  Ja  ««  *' 

2  F  «•  " 

15  F  "  " 
26  F  «*  «* 

8  Mr         **  •* 

26  Mr         "  «* 

*  See  below,  under  Madelina. 
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lo  Ap    Monte  Verde. 

24AP  "  «*  ^    ;  '    c 

14  My    Monte  Verde.  Had  collected  at  La  Perla,  a  neighboring  plantation  ;  also 
speaks  of  being  **  within  two  or  three  minutes*   walk  of  the  virgin 
forest  in  every  direction." 
21  My   Monte  Verde. 
I  Je      Santa  Catalina  de  Guantanamo. 
9  Je     Monte  Verde. 

21  Je  *•         ** 
29  Je  «*         ** 

5JI  '*         " 

12  Jl  •'         •* 

16  Jl 

5  Au  •*  ** 
19  Au  **  *« 
31  Au  «'         «* 

14  S  **         " 

17  O      Santiago    de   Cuba.     ** Waiting   for  money"    [apparently  a   chronic 

condition]. 

6  N      Josephina,  a  hacienda  or  plantation  belonging  to  the  owner  of  1^  Pcria, 

three  leagues  east  from  Nouvelle  Sophie. 
17  N      Nouvelle  Sophie.     Mentions  two  excursions  to  the  Farallones  from  base 
to  summit.     [Probably  the  high  mountains  east  of  Santiago.  —  E.] 

22  N      Nouvelle  Sophie.    Mentions  having  left  Monte  Verde  about  1 7  September. 
26  N      Nouvelle  Sophie.     Says  **  protracted  stay  not  advisable." 

9  D      La  Madelina,  **  right  at  foot  of  Nima-nima."     **  Mr.  Baitaill  tells  me  that 
the  crest  which  I  have  all  along  on  Mr.    Bradford's  authority  called 
Nimanima,  is  La  Guinea  and  that  the  former  is  away  over  towards  the 
seashore.'* 
La  Madelina.     Mentions  being  at  La  Guinea  14th  and  l8th. 

i860.   10  Ja    Santiago  de  Cuba.     Speaks  of  going  to-morrow  to  Guantanamo,  then  to 
Monte  Verde  and  back  by  Nouvelle  Sophie. 
Monte  Verde.     **  Came  from  Guantanamo  the  nth." 
Nouvelle  Sophie. 
Santiago  de  Cuba. 
Filantropia. 

Nouvelle  Sophie.     **  To- day  I  start  for  Monte  Verde." 
Monte  Verde.     Speaks  of  plan  for  excursion  to  Mayari. 

15  Mr  Monte  Verde.  **  I  hope  you  wont  let  Eaton  cut  up  these  fern  stems  into 
cross  sections.  It  seems  to  me  simply  ridiculous  to  attempt  to  exhibit 
the  structure  of  a  fern  or  palm  by  a  cross  section  at  any  part,  whereas 
a  longitudinal  section  of  either  shows  it  perfectly,  or  the  whole  of  it." 

23  Mr    Monte  Verde. 
8  Ap  «♦         •* 

16  Ap  •*  *« 
I  My  ««  ♦* 
4  My     Monte  Verde.     **  Monte  Verde  is  nothing  but  a  coffee  estate.*' 

[In  suggesting  labels  W^right  designates  localities  under  judicial  dbtricts 
••  which  everybody  knows  "  as  follows  : 


24  D 

26  D 

10  Ja 

14  Ja 

18  Ja 

21  Ja 

2F 

24  F 

26  F 
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22  Au 

25  Au 

9S 

13  s 

15  s 

18  s 

19  s 

20  s 
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Monte  Verde  =  Yateras. 

La  Guinea  =  Ongolosongo  [Hongolosonga.  —  EJ. 

Filantropia  ==        ^  ** 

Nouvelle  Sophie  =  J-as  Yaguas.; 

Josephina  ==  Ramon]. 

17  My    Monte  Verde. 
14  Jl  '* 

1  Au  Mayari.  Mentions  conditions  of  life  at  Cayo  del  Rey,  where  he  spent 
some  time. 

18  Au    Holguin.     **  Arrived  this  morning." 
(Wright  apparently  crossed  the  island  directly  north  of  Santiago  and 

then  along  the  north  side  of  the  island  to  Holguin). 
Barajagua.     "  Left  Holguin  19th  and  arrived  here  same  day." 
Hato  del  Medio.     [Four  miles  N.  W.  of  Alto  Cedro  —  E.] 
Nouvelle  Sophie.     **  Arrived  in  Cuba  (  =  Santiago  de  Cuba)  the  6th. 
Saltadero. 
,  Monte  Verde. 
Monte  Verde.     **  Start  to-morrow  for  Nouvelle  Sophie,  thence  to  Cuba 

and  Ba3ramo  and  I  may  go  from  there  to  Holguin." 
Saltadero. 
Saltadero.     **  Yesterday  started  for  N.   Sophie  etc.   expecting  to  get 

money  in  Saltadero  or  Cuba.     To-day  returned  here  in  chase  of  that 

valueless  certificate." 
17  N      San  Juan  de  Buenavista.     **  S.  W.  by  S.  7  leagues  from  Bayamo." 

[Probably  S.  E.  instead  of  S.  W. ,  Buena  Vista  on  new  map  is  about 

7  leagues  S.  E.  of  Bayamo. — E.  ] 

26  N      Bayamo.     **  Came  this  morning."  ♦ 

16  D      Nouvelle  Sophie.     **  On  my  way  from  Bayamo  I  turned  aside  and  spent 
two  weeks  at  Bradford's  [Filantropia],     Found  a  few  good  things  at 
La  Guinea  and  Loma  del  Gato." 
1 86 1.     4ja      Monte  Verde. 

19  Ja  '*         " 

27  Ja      Nouvelle  Sophie. 

4  F       Monte  Verde. 

2  Mr  *«         *' 

13  Mr  Potosi  (in  ML  Toro).  **  I  am  on  an  excursion  through  Monte  Libano 
and  Monte  Toro."     [Probably  north  of  Monte  Verde. — E.] 

25  Mr  La  Catalina  near  Sagua  de  Tanamo.  '*  Tremendous  farallones  all 
around  us  not  so  easy  to  climb  as  you  might  imagine." 

5  My     Monte  Verde.     *♦  Hope  to  be  off  to-day  or  to-morrow  for  Baracoa." 

3  Je      Baracoa.     **I  came  from  Mata  [Probably  S.  W.  of  Baracoa;  on  new 

map,  Mata  Cafee.-  -E.]  yesterday,  a  terribly  boggy  place  and  appar- 
ently filthy  enough  to  kill  mud-turtles.  I  stood  it  two  weeks  or  more 
and  I  am  in  good  health."  *  *  *  <*  The  streams  are  up  preventing 
me  going  to  the  Yunque.  f     So  soon  as  I  can  I  shall  pay  it  a  visit, 


*Dr.  Gray  (Am.  Jour.  Sci.  Ill,  31  :  12.  1886)  says  "his  kind  host.  Dr.  Don 
Manuel  Yero,  assisted  him  in  making  some  profitable  mountain  excursions."  Judging 
from  the  above  dates  these  must  have  been  very  brief. 

f  El  Yunque — the  anvil — is  a  flat-topped  mountain  six  miles  from  Baracoa — one 
of  the  most  conspicuous  features  of  the  sky  line  of  eastern  Cuba. 
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which  will  probably  detain  me  but  a  few  days.     Then  I  shall  return 

to  Guantanamo  stopping  a  day  or  two  in  the  cuchillas  (mountains)." 
24  Je     Monte  Verde.     •*  Got  home  yesterday  tired  out  and  my  horse  more  so, 

seven  days  from  Baracoa  collecting  a  little  by  the  way.** 
29  Jl       Monte  Verde.     *<  After  resting  etc.  I  went  on  the  road  to  Baracoa  as 

far  as  the  point  where  it  turns  northward  to  cross  the  mountains." 
Monte  Verde. 


Valparaiso.     **  Just  on  the  edge  of  Monte  Libano.'*     [Seven  miles  due 

west  of  Monte  Verde.—  E.] 
Monte  Verde.     *  *  Got  back  yesterday.  * ' 

Nouvelle  Sophie.     *'On  the  20th  I  set  out  on  my  journey  which  if  I 
am  prospered  will  end  at  least  for  a  time  at  '*  la  Habana." 

3  D      Filantropia.     Mentions  a  day  on  La  Guinea.     [Wright  then  went  via 

Saltadero.] 
13  D      Mentions  three  excursions  on  La  Guinea  and  Loma  del  Gato. 

16  D      Bayamo.     The  letter  was  mailed  from  Bayamo  the  17th. 
1862.     2  Ja      Sancto  Spintos  (Santo  Espiritu). 

4  Ja      Sancto  Spiritos  "Shall  remain  a  few   days*'     *    *    *     «« There  are 

as  many  as  six  or  eight  species  of  palms  abundant  along  the  route  I 
have  come,  several  of  which  I  have  not  collected.** 
I  F  Ingenio  Fermina.  **  Fermina  is  a  sugar  estate  two  leagues  from  Bemba  '* 
[  =  Jovellanos.—E.]  *  *  *  **  Left  Santo  Espiritu  the  l6th.*' 
[Here  Wright  found  Gundlach,  the  zoologist,  with  whom  he  made 
many  excursions.]  In  this  letter  Wright  speaks  of  coming  to  an  in- 
genio  (sugar  estate)  the  24th  where  he  stayed  four  or  five  days  and 
**  the  next  day  here.*'  Four  leagues  before  reaching  Villa  Claim  he 
mentions  coming  to  a  very  hilly  savanna. 

23  Mr  Mejia.  "  In  my  last  [there  is,  however,  no  mention  of  this  in  any  letter 
present  in  the  collection]  I  told  you  I  was  going  to  the  Cienaga  de 
Zapata.  I  am  domiciled  about  three  leagues  from  it  —  have  been  to 
it  twice.  *  *     [Probably  S.  of  Navajas.  -—  E.  ] 

28  Mr    Mejia.     "  Returned  from  another  excursion  to  the  Cienaga." 
[Here  occurs  a  brief  hiatus  in  the  correspondence.] 

17  Je     San  Jos6  [In  Pinar  del  Rio,  near  Taco  Taco  or  Santa  Cruz.  —  E.] 

[This  place  is  mentioned  in  a  previous  letter  as  away  S.  W.  of  Habana.] 
**  I  have  been  here  more  than  three  weeks  with  Don  Jos*  Blain,  who 
takes  some  interest  in  botany.**  .  .  .  **I  was  there  (Habana)  the 
last  days  of  May.  It*s  a  nasty  place.**  .  .  .  **  I  am  about  20  leagues 
westward  of  Habana  right  at  the  foot  (south  side)  of  Rangel  range  of 
mountains  or  Los  Organos." 
23  Je      *  *  Returned  from  a  visit  of  two  or  three  days  to  Retiro,  the  other  place 

Don  Jos*  mentioned,  when  I  was  in  Habana  six  days.'* 
4  Au    Santa  Cruz.     *<  Day  before  yesterday  returned  from  an  excursion  of  a 
few  days  south  and  west  of  here  into  the  savannas,  pinales  and  the 
famous   *vueltabago* — the   tobacco    district."       [Properly  vuelta 
abajo.  ] 
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13  Au    San  Jos6. 
8  S        <<      " 

28  S      San  Jos^.     *  *  Three  weeks  ago  went  on  an  excursion  northward  and 

westward ;  we  were  gone  two  weeks." 
13  O      San  Jos^.     "Gundlach  will  send  my  horses  to  Guanajay  15  leagues 

this  side  of  Habana  so  probably  I  shall  not  go  there  now.'* 
25  O       Habana. 

29  O       San  Jos6.     **  To-day  completes  my  fifty-first  year.'* 

27  N  San  Jos6  **  Last  month  went  from  Guajaibon  to  Las  Posas  to  Toscana 
a  finca  of  Sauvalle  (seaside)  returning  by  San  Marco  and  San  Diego 
de  Baflon.  From  there  I  turned  S.W.,  and  went  to  Herradura  and 
Consolacion  returning  by  Almacigos,  Hato  Queniando,  Herradura, 
San  Diego  and  so  home." 
10  D  Ingenio  Esperanza,  <<  about  a  league  from  Pinar  del  Rio." 

13  D  Langvanillas.     [This  was  probably  the  residence  of  an  engineer  of  the 

above    mentioned    *  ingenio'    about  "four  leagues    away"   where 
Wright  mentioned  having  been  invited  to  go  in  the  last  letter.] 
1863*  9ja     SanJos6. 

13  F  *'  ** 
21  F  "  •* 
31  Mr  "  " 
10  Ap      «*      <• 

30  Ap    Habana. 

14  My  —  Wright  had  been  at  Fermina  '*  for  a  few  days  to  get  plants  Gundlach 

could  not  bring." 
25  My   Concordia.      "Came  here  ten  days  since."      Mentions  going  to  the 
coast  three  leagues  afoot.     '*  Shall  return  in  a  few  days  to  San  Jos6 
or  rather  Retiro  whither  friend  Blain  has  now  removed — a  league." 

15  Je     Retiro.     [This  is  the  name  of  a  finca  near  Taco  Taco  where  Don  Jos6 

Blain  lived.  —  E] 

15  Jl     Retiro. 

27  Jl     Toscano.     [Probably  the  name  of  a  finca  near  the  N.  coast,  somewhat 
E.  of  Bahia  Honda.  —  E  | 
5  S      Retiro. 

20S  ** 

20  D  Los  Remales.  •*  The  latter  part  of  October  I  crossed  the  mountains  to 
the  north  coast  to  Toscano,  stayed  there  till  Nov.  15.  Went  to  Sagua 
(vega)  climbed  Guajaibon  twice  ;  made  excursion  to  Cajalbarra  (pine 
ridge  crossing  the  island)  followed  down  the  north  side  near  the  coast 
through  La  Palma,  Nombre  di  Dios,  Bajas,  Mantua.  From  Asiento 
viego  (the  Laguna)  followed  the  same  road  to  the  Jarela,  the  terminus 
of  my  travels  last  year."  He  mentions  wanting  to  goto  the  cape 
(Cape  Corrientes?)  **  but  as  there  was  no  guide  I  was  content  to  go 
to  a  point  on  the  south  coast  four  leagues  afoot.  *' 
1864.  15  Ja  Retiro.  "Three  days  ago  I  returned  from  my  excursion  of  eighty," 
"Wrote  20th  from  Los  Remales:  a  day  or  two  later  went  to  La 
Grife."  [In  this  letter  ^Wright  mentions  a  serious  experience  with 
some  poisonous  plant  which  caused  temporary  loss  of  eyesight.  ] 
5  F      Retiro. 
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14  F      Retiro 
7  Mr        " 

22  Ap       «* 

30  Ap    Retiro.     *'0n  the  25th  went  to  the  coast  at  a  point  called  Daranigan. 

[Point  on  the  coast  west  from  Retiro. — E] 
7  My  Retiro.     "  Yesterday  went  to  the  hills." 
19  My  Retiro.     **  Made  an  excursion  of  ten  days  eastward  and  southward  to 

La  G>ncordia,  San  Leon,  etc." 

27  Jl      Habana.     <*  Came  here  on  the  21st." 

28  Jl      Habana.     <<  Passport  in  pocket-book,  plants  boxed  ready  to  embark," 

1865.  13  Ap    Weathersfield,  Conn.     **  Shall  sUrt  for  Cuba  before  the  end  of  the 

month." 
24  Ap    Weathersfield,  Conn. 

III. 

9  Je*  Cayo  Bonito.     *♦  Down  here  on  the  edge  of  that  grand  swamp,  the 

Cienaga  de  Zapata  just  south  of  Matanzas. 
18  Je     La  Fermina ;  **  returned  yesterday." 
9  Jl      Matanzas. 

24  Jl      Janta.     •*  Came  here  five  or  six  days  ago."  .  .  .  •*  Stayed  some  ten  or 

twelve  days  at  Palma  Sola."     [Probably  near  Matanzas  or  Jovel- 
lanos. — E.] 

15  Au    Matanzas. 
4  S       Habana. 

21  S      Balestina.     [At  this  place  the  name  is  spelled  Valestina.]  f     [Province 
of  Pinar  del  Rio.— E.  J 

23  O  «* 

7  D  " 

1866.  25  Ja  *« 

13  F 

17  F  ** 

15  Mr    Retiro. 

25  Mr         ** 

3  Ap    Retiro. 

8  Ap    Toscano. 

14  Ap 

29  Ap  ** 

2  Je     Retiro.     "  Left  Toscano  at  3  m.  and  arrived  here  about  sunset." 

15  Je     Retiro.     '*Went  to  Rangel  on  the  8th"   •  •  •  **/f<t  went  again  to  San 

Cristobal  on  the  loth." 

4  Jl      Retiro. 
23  jl 

8  Au 

14  Au     Retiro.     •*  Have  been  making  short  excursions  of  two  or  three  days  at  a 
time  into  the  palm  and  pine  savannas  near  the  coast." 

*  Dr.  Gray  /oc.  cit,  speaks  of  this  third  trip  as  commenced  **  in  the  autumn  of 
1865."  In  Gray's  letter  to  Charles  Wright  (Letters,  2 :  540)  he  mentions  receiving 
a  letter  from  Wright  at  Habana  dated  May  9th. 

Gray  he.  cit.  says  **BaIestena"   and  speaks  of  it  as  **a  cattle  farm  at  the 
southern  base  of  the  mountains  opposite  Bahia  Honda." 
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Retire. 

**  At  a  sawmill  the  last  two  weeks  at  Palacios  *'  [near  Pinar  del  Rio  ?]. 
La  Machina  (this  is  the  sawmill  above  mentioned). 
Habana. 

Retiro.       **  Spent  some  days  in  Concordia.*' 
li 

Retiro.     "Yesterday  went  into  the  mountains"  (La  Palma  Vega). 

La  Machina.     (Various  additions  to  this  letter  were  made  from  same 

place  at  various  dates  up  to  20  D.) 
Arroyo  Hondo.     **  To-morrow  I  go  to  Luis  Lazo." 
1867.     I  Ja     Guane.     *'From  Arroyo  Honda  I  went  to  Luis  Lazo  and  staid  a  few 

days." 
La  Grifa. 

Los  Portales  de  Guane.     "  Yesterday  I  left  La  Grifa." 
Retiro. 
Habana. 

Habana.     •*  Went  to  Matanzas  yesterday  for  money." 
Habana.     In  this  letter  Wright  recounts  troubles  he  had  to  get  a  passport 

and  other  papers  necessary  to  embark  for  Trinidad. 

19  F     Habana.     **  Everything  arranged  for  my  voyage  "  [to  Trinidad]. 

[Apparently  there  is  a  hiatus  in  the  correspondence  here]. 

20  Ap  Trinidad.     **  Since  I  last  wrote  you  I  went  in  the  mountains  to  an  old 

cafetal  now  a  potrero  or  pasture.   •••<«!  came  here  about  a  week 
ago." 
24  Ap  Cuba  (  =  Santiago  de  Cuba). 

26  Ap   Sta.  Catalina  de  Guantanamo.     •*  Arrived  this  morning."     In  this  letter 
Wright  mentions  '*  letter  of  8th  "  telling  of  loss  of  **  great  collections 
of  the  Vueltabago."  * 
5  My    Monte  Verde.     **  Back  again." 
12  My  **  t 

The  next  letter  is  dated  Cambridge,  Mass.,  23  Nov.  186S,  in  which  Wright  says 
"Done  distributing."  The  sets  of  Cuban  plants  run  thus  :  2250,  2200,  2075,  I7I5» 
1550,  1460,  1330,  1275,  1 165,  960,  780,  750,  660,  620,  560. 

The  only  breaks  in  the  continuity  of  the  above  correspondence 
are  as  follows : 

I.  That  from  8  May  1857  at  Saltadero  to  9  September  1857 
written  on  the  steamer  approaching  New  York.  This  is  the  long- 
est hiatus,  and  what  may  have  been  Wright's  journeys  during  this 
period  is  largely  a  matter  of  conjecture.  It  seems  probable  that 
this  time,  like  the  rest  of  his  first  expedition,  was  spent  on  two 
or  three  of  the  plantations  that  formed  the  basis  of  his  principal 
explorations  in  the  province  of  Santiago.  J 

*  C/.  foot-note  p.  292. 

t  Dr.  Gray  {/oc,  cit, )  says  that  Wright  returned  from  his  third  visit  in  July  1867. 

J  Wright's  single  letter  to  Dr.  Torrey  during  this  period,  preserved  in  the  Torrey 
correspondence  at  the  New  York  Botanical  Garden,  is  dated  20  June  1857  from  Monte 
Verde  and  bears  out  the  above  supposition. 
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2.  That  from  28  March  1862  written  near  the  great  swamp 
south  of  Matanzas  (Cienaga  de  Zapata)  to  17  June  1862  written 
from  the  province  of  Pinar  del  Rio,  where  he  speaks  of  having 
been  for  **  more  than  three  weeks."  There  is  still  a  hiatus  of 
about  two  months  concerning  which  we  can  only  conjecture.  It 
seems  unlikely  that  this  time  was  spent  other  than  in  the  Ma- 
tanzas province. 

3.  That  from  19  February  1867  to  20  April  1867.  At  the 
former  date  Wright  was  at  Habana  making  arrangements  for  a 
voyage  to  Trinidad  on  the  south  coast,  and  in  the  second  he  was 
engaged  in  collecting  at  Trinidad  himself.  It  would  seem  that 
one  intermediate  letter  at  least  was  lost.  It  is  hardly  probable 
from  our  knowledge  of  Cuban  steamship  traffic  (which  in  1867 
was  surely  not  an  improvement  over  the  present  conditions)  that 
Wright  stopped  for  any  length  of  time  at  any  intermediate  station. 
It  is  highly  probable  that  the  greater  part  of  this  time  was  spent 
at  Trinidad  and  vicinity  covering  a  period  of  approximately  two 
months.  The  amount  of  material  collected  at  Trinidad  may 
throw  some  light  on  this  subject,  when  we  know  the  stations  cor- 
responding to  Wright's  numbers.  It  is  to  be  hoped  that  some 
one  who  has  access  to  a  collection  made  by  Wright  which  pos- 
sesses the  original  localities  for  the  numbers  will  supplement  this 
paper  by  further  notes  which  will  establish  the  type  localities  of 
Wright's  species.  Such  an  account  would  be  a  real  contribution  to 
our  knowledge  of  the  flora  of  Cuba. 

Columbia  University. 
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The  PabUcations  of  the  Department  of  Botany,  Co- 
Inmbia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.  Small.    A  Monograph  of  the  North  American  Species  of 
the  Gtnus  Pofy^onum.     Pp.178.    84  plates.    1895.    Price, 
six  dollars. 

Vol.  11.  Rydberg.  A  Monograph  of  the  North  American  Potcn- 
tilleae.     Pp.224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  prints  except  Nos.  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  50,  52,  54,  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  119  which  is  fifty  cents, 
and  Nos.  10 1,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos.  157  and  158,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  SisyrincJkium^ 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuaEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany. 

New  York  city. 
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toxic  compounds,  all  with  concordant  results ;  namely,  that  those 
substances  which  in  larger  amounts  are  fatal,  serve  to  stimulate 
the  organism  to  increase  in  activity  when  present  in  sufficiently 
small  quantities,  in  accordance  with  the  generalization  of  Hueppe.* 
In  addition,  Ono  f  has  found  that  the  waste  through  oxalic  acid 
formation  is  at  the  same  time  lessened  ;  and  Watterson  J  that 
although  there  is  greater  expiration  of  CO,  the  increase  is  only 
parallel  with  that  of  the  crop  and  its  production  relatively  normal. 
Schulz  §  working  with  yeast ;  Hueppe, ||  Effront,  ^  and  Lindet  ** 
with  bacteria  ;  and  Ono  ff  and  Livingston  H  with  algae  have 
reached  like  conclusions  as  far  as  growth  is  concerned. 

Copeland  and  Kahlenberg,||||  and  Kahlenberg  and  True,*** 
and  more  lately  Kanda,ttt  working  with  higher  plants  tell  of 
stimulation  caused  by  salts.  Similarly  Copeland  XtX  has  obtained 
increased  COg  evolution  from  work  with  phanerogams  and  tad- 
poles, interpretating  the  apparent  vigor,  however,  as  an  evidence 
of  harm  rather  than  benefit. 

Townsend  §§§  mixed  ether  with  water  supplied  to  seeds  and 
thus  hastened  germination.  He  has  also  shown  that  seeds,  sub- 
jected to  HCN  gas  mill  for  a  short  time,  sprout  sooner  and  grow 

■*  Hueppe,  F.     The  Principles  of  Bacteriology,  89,  90.     Trans,  by  E.  O.  Jordan. 

:( Watterson,  A.  The  effect  of  chemical  irritation  on  the  respiration  of  fangi. 
Bull.  Torrey  Club  31  :  291.     1904. 

{  Schulz.     Ueber  Hefegifte.     Bot.  Zeit.  46  :  610.     1888. 

II  ^.  ^. 

^Effront     Compt  rend.  119  :  169.     1894. 

**  Lindet.     Compt.  rend.  138  :  508.     1904. 

tt  L.  c, 

J  J  Livingston.  B.  E.  Chemical  stimulation  of  a  green  alga.  Bull.  Tori^ 
Club  3a:  I.     I905' 

II II  Copeland,  E.  B.  &  Kahlenberg,  L.  The  inflaence  of  the  presence  of  pure 
metals  upon  plants.     Trans.  Wis.  Acsd.  za  :  454.     1899. 

***  Kahlenberg,  L.  &  True,  R.  H.  On  the  toxic  action  of  dissolved  sahs,  Bot 
Gaz.  aa:  81.     1896. 

ff  t  Kanda,  M.  Reizwirkung  einiger  Metallsalze  aof  das  Wadisthum  faSherere 
Pflanzen.     Jour.  Coll.  Sci.  Imp.  Tokyo  xg  :  I.     1904. 

tXX  Copeland,  E.  B.  Chemical  stimulation  and  the  cv<rfntion  of  CO,.  Bot  Gaz. 
35 :  81.     1903. 

J2} Townsend,  C.  O.  The  «ffect  of  hydiocyanic  acid  gas  upon  grains  and  ddxec 
weds.     Bot  Gaz.  31 :  141.     1901. 

II II II  Townsend,  C.  O.  The  corrdation  of  growth  nnder  tiie  vaflveace  of  ixijaries. 
Ann.  Bot.  zz  :  509.     1897. 
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more  rapidly  than  those  not  so  treated ;  that  Avena  seedlings 
grown  in  a  sufficiently  weak  atmosphere  of  ether  are  at  first  retarded 
and  then  accelerated,  finally  returning  to  their  normal  rate  of 
growth  if  the  shock  be  not  too  long  continued  ;  and  that  in  small 
amounts  ether  vapor  will  aid  germination  in  the  spores  of  Penicil- 
Hum  and  Mucor,^  although  larger  doses  are  inimical.  Duggar  f 
says  that  a  saturated  atmosphere  of  chloroform  is  fatal  to  the 
spores  of  Aspergillus  flavus  and  Phycomyces  and  without  benefit  to 
Sterigmatocystis,  and  that  ether  is  of  no  consequence  as  a  stimulant 
in  germinating  Aspergillus,  With  Aspergillus  {Sterigmatocystis) 
niger,  Kosinski  J  finds  respiration  retarded  when  exposed  to  ether 
fumes. 

Ewart,§  working  with  chloroform  in  the  water  of  water  plants 
noted  suspension  of  COg  assimilation  agreeing  with  the  earlier 
results  of  Claude  Bernard.  Kegel, ||  however,  finds  with  Elodea 
canadensis  an  increment  of  COg  assimilation  in  some  percentages 
of  ether  and  chloroform,  but  a  sudden  check  in  the  case  of  a  lesser 
amount.  On  the  other  hand,  Bonnier  and  Mangin  1  were  able,  by 
adding  ether  carefully,  to  stop  assimilation  of  COg  without  affecting 
respiration,  an  observation  in  accordance  with  that  of  Schwarz,** 
who,  with  both  ether  and  chloroform,  has  recorded  stoppage  of 
oxygen  evolution  not  accompanied  by  elimination  of  COj  evolution 
until  the  plant  was  fatally  affected.  Ewart's  ff  results  with  mosses 
were  similar.    Movement  in  the  protoplasm  of  Philotria  {Elodea)^ 

^Townsend,  C.  O.  Effect  of  ether  upon  the  germination  of  seeds  and  spores. 
Bot.  Gaz.  27  :  458.     1899. 

t  Duggar,  B.  M.  Physiological  studies  with  reference  to  the  germination  of  cer- 
tain fungous  spores.     Bot.  Gaz.  31  :  38.     1 901. 

X  Kosinski,  I.  Die  Athmung  bei  HungerzustSlnden  u.  unter  Einwirkung  von 
mecfaanischen  u.  chemiscfaen  Reizmitteln  bei  Aspergillus  niger.  Jabrb.  Wiss.  Bot. 
37:  137.    1902. 

2  Ewart,  A.  J.  Action  of  chloroform  on  CO,  assimilation.  Ann.  Bot.  zd :  415. 
1898. 

II  Kegel,  W.  Ueber  den  Einfluss  von  Chloroform  und  Aeth^  auf  die  Assimila- 
tion von  Elodea  canadensis.     Inaug.  Dissert.     GOttingcn,  1905. 

f  Bonnier,  G.  &  Mangin,  L.  Recherches  sur  1'  action  chlorophyllienne  siparie 
de  la  respiration.     Ann.  Sd.  Nat.  VII.  $  :  5.     1886. 

**  Schwarz,  F.  Zur  Kritik  der  Methode  dts  Gasblasedzfthlens  an  submersen 
Wasserpflanzen.     Untersuch.  Bot.  Inst,  zu  Tubingen,  i  :  97.     188 1. 

tt  Ewart,  A.  J.  On  assimilatory  inhibition  in  chlorophyllous  plants.  Jour.  Linn. 
See.  31 :  364.     1896. 
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as  seen  by  Farmer  and  Waller,*  ceased  under  the  influence  of  ether 
and  chloroform,  the  latter  proving  more  powerful. 

With  various  seedlings  in  an  ether  atmosphere,  Morkowine  f 
obtained  increase  of  respiration  in  the  light ;  Bonnier  and  Mangin  J 
got  no  such  effect  in  the  dark.  Puriewitsch,  as  quoted  by  Mor- 
kowine, §  concluded  that  in  ether  vapor,  transformation  of  sugar 
to  starch  is  inhibited.  Jumelle  ||  believes  transpiration  increased  in 
light  and  decreased  in  dark  by  ether,  Zaleski  1  that  proteid  forma- 
tion is  hindered  by  the  same  substance.  Pfefler  **  cites  Elfving  ft 
and  Lauren  J  J  as  authorities  for  the  observation  that  COj  forma- 
tion, but  not  growth,  is  augmented  in  higher  plants  by  a  not  too 
long  exposure  to  chloroform  ;  and  finally,  Johanssen  §§  has  proved 
the  economic  value  of  ether  in  forcing  early  blooming  in  flowering 
plants.  The  period  of  winter  rest  is  shortened,  rapidity  of  growth 
and  total  evolution  of  CO^  increased. 

The  majority  of  the  investigations  with  chloroform  and  ether, 
it  will  be  noted,  have  had  to  do  with  their  effect  on  green  plants. 
Townsend  ||  ||  and  Duggar  H  to  be  sure,  experimented  with  fungus 
spores  but  their  work  stopped  with  germination  ;  and  Kosinski  *** 
was  concerned  only  with  the  respiration  factor.  It  has  been  the 
aim  of  the  piece  of  work  here  described  to  compare  the  effect  of 
chloroform  vapor  on  fungus  growth,  as  shown  by  increase  in  dry 
substance,  with  the  results  quoted  above.  Therefore  Sterigmato- 
cystis nigra  {Aspergillus  niger)  in  the  main  and  Penicillium  glaucum 

*  Farmer,  J.  B.  &  Waller,  A.  D.  Observations  on  the  action  of  anaesthetics 
on  vegetable  and  animal  protoplasm.     Proc.  Royal  Soc.  63  :  213.     1898. 

t  Morkowine,  N.  Recherches  sur  1'  influence  des  anesth^siques  sur  la  respiration 
des  plantes.     Rev.  Gen.  de  Bot.  11  :  289.     1899. 

X  Bonnier  &  Mangin,  /.  c, 

IL.c. 

II  Jumelle,  H.  Influence  des  anesth^siques  sur  la  transpiration  des  v6g6taux.  Rev. 
Gen.  de  Bot.  2 :  417.     1890. 

^Zaleski,  W.  Zur  Aetherwirkung  auf  die  Stoffumwandlung  in  den  Pflanzen. 
Ber.  Deuts.  Bot.  Gesells.  I8 :  292.     1900. 

**  Pfeff^er.     Physiology  of  Plants,  i :  564.     Trans,  by  Ewart. 

ft  Elfving.  Ueber  die  Einwirkung  von  Aether  u.  Chloroform  auf  die  Pflanzen. 
Oefversigt  af  Finska  Vetensk.  Soc.  Forh.  a8  :  36.     1886. 

%X  Lauren.     Bot.  Jahresb.  20»  :  92.     1892. 

§g  Johanssen,  W.  L.     Das  Aether-Verfahren  beim  Friihtreiben.     Jena.     1900. 

III!  Bot.  Gaz.  /.  €. 

***  L.  c. 
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to  a  lesser  extent  were  grown  on  the  nutrient  solutions  prescribed 
by  Pfeffer  *  and  designated  as  A  and  C  in  the  first  paper  on  the 
subject  by  Richards,t  the  cultures  confined  in  an  atmosphere  of 
chloroform  of  known  or  approximately  known  value  and  the  effect 
upon  dry  wefght  of  the  crop,  economic  coefficient  and  acid  coef- 
ficient noted. 

The  work  was  done  in  the  botanical  laboratory  of  Barnard 
College  during  the  years  1904  and  1905  under  the  guidance  of 
Dr.  Herbert  Maule  Richards,  to  whom  his  student  is  much 
indebted  for  his  kindness  and  interest.  To  the  New  York  Botan- 
ical Garden  many  thanks  are  due  for  extending  the  privileges  of 
the  library. 

To  grow  the  fungi,  small  dishes  70  mm.  in  diameter  and  30 
mm.  deep  were  used.  These,  in  all  series  following  IV,  were 
of  the  non-sol  glass  of  Whitall,  Tatum  &  Co.  Each  culture  dish 
rested  on  two  strips  of  glass  over  a  half  Petri  dish  containing  40 
c.c.  of  a  10  per  cent.  KOH  solution.  The  Petri  dish  in  turn  sat 
upon  a  ground-glass  plate.  On  glass  strips  laid  across  the  cul- 
ture dish  was  supported  a  small  watch  glass  to  receive  the  chloro- 
form. In  operating,  each  dish  was  arranged  as  described  and  all 
covered  by  a  bell-jar  which  was  ground  down  on  to  the  glass 
plate  in  a  glycerine-gelatine  seal.  After  the  seal  had  hardened, 
amounts  of  chloroform  calculated  to  the  capacity  of  the  jars  — 
due  allowance  having  been  made  for  the  solids  and  liquids  within 
—  were  run  in  through  the  neck  which  was  at  once  closed  with  a 
rubber  stopper.  It  is  possible  in  this  way  to  regulate  the  supply 
of  chloroform  vapor  with  tolerable  accuracy,  for  the  placing  of  the 
stopper  in  position  occupies  but  a  moment  and  relatively  little  of 
the  chloroform  can  volatilize  and  escape.  Moreover,  the  seal  at 
the  base  of  the  jar  is  sufficiently  strong  to  be  proof  against  any 
small  pressure  generated  by  the  vaporizing  liquid. 

In  manipulation,  the  usual  precautions  were  observed.  The 
culture  dishes,  before  each  using,  were  soaked  in  dichromate 
cleaning  solution,  washed,  rinsed  in  distilled  and  redistilled  water 
and  sterilized  in  hot  air  at   1 00°- 120°   C.     The  bell-jars  were 

*  Pfeffer,  W.  Ueber  Election  organischer  Nahrstoffe.  Jahrb.  Wiss.  Bot.  28  : 
205.     1895. 
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rinsed  in  formalin  ;  the  glass  strips  and  watch  glasses  were  washed 
and  sterilized  in  hot  air  (ioo°-i20°  C).  All  flasks  and  pipettes 
were  handled  similarly. 

The  redistilled  water  mentioned  above  was  the  distilled  water 
furnished  for  ordinary  laboratory  purposes  in  the  college  —  the 
still  is  tin-lined  —  redistilled  and  condensed  through  a  block-tin 
tube.  A  considerable  portion  passing  over  at  first  was  discarded 
and  the  operation  stopped  while  a  quantity  remained  in  the  distill- 
ing flask.  This  water  was  used  in  making  all  solutions,  as  well 
as  for  the  final  rinsings  of  the  apparatus.  Its  specific  conductivity 
as  determined  in  the  physics  laboratory  varied  between  2.74  x 
ID""*  and  1.59  X  ID"*.  The  salts  used  were  the  best  quality 
supplied  by  Merck  &  Co.  White  rock-candy  furnished  the 
sugar.  A  solution  of  30-50  per  cent,  was  made,  filtered  through 
glass  wool  to  remove  the  bits  of  string  and  kept  tightly  corked  for 
use.  The  proper  amount  from  the  stock  was  taken  for  each  solu- 
tion made  for  a  series.  Iron,  also,  was  kept  in  solution,  but  the 
other  salts  were  weighed  out  as  required.  The  formulae  of  the 
solutions  are  as  follows  : 

a  C 

NH^NO, 1. 00  gm.  Asparagine 0.50  gm. 

KjHPO^ o.sogm.  KHjPO^ 0.50  gm. 

MgS04 0.25  gm.  MgSO^ .0.25  gm. 

FeSO^ trace.  FeSO^ trace. 

Sugar 5.00  gm.  Sugar 5.00  gm. 

Water icx).oo  c.c.  Water loo.cx)  c.c. 

The  chloroform  was  the  best  grade  made  by  Merck,  known  to 
contain  .02  per  cent,  of  absolute  alcohol  to  prevent  decomposition, 
which,  however,  in  the  quantities  of  the  anaesthetic  used  is  negli- 
gible. Repeated  tests  with  AgNO,  showed  that  no  free  CI  was 
present. 

Sowing  the  fungus  was  accomplished  by  dipping  the  end  of  a 
clean  glass  rod  into  the  nutrient  solution,  rubbing  it  over  the  dry 
spores,  redipping  it  into  the  fluid,  and  agitating  well  to  secure 
uniform  distribution.  The  smooth  white  felts  of  the  control  cul- 
tures testified  to  the  effectiveness  of  the  treatment  and  the  purity 
of  the  reagents.  In  practice,  enough  nutrient  solution  was  made 
at  a  time  for  one  complete  series  —  the  iron  alone  omitted.  This 
solution  was  boiled,  cooled  and  50  c.c.  taken  in  an  accurate  pi- 
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pette  to  be  analyzed  for  acid  and  sugar.  The  remainder  was  then 
inoculated  in  bulk  with  spores  in  the  method  described  and  doses 
of  50  c.c.  run  from  the  pipette  into  each  culture  dish.  Last  of 
all  the  iron,  a  mere  trace,  was  added. 

The  crop  was  reaped  when  the  controls  showed  a  full  fruited 
surface.  The  felts  were  thrown  on  weighed  filters,  washed  thor- 
oughly with  boiling  water,  dried  in  hot  air  at  70^-80°  C,  cooled 
in  a  desiccator  and  the  dry  weight  ascertained.  The  filtrate  made 
up  to  250  c.c.  was  analyzed,  as  recorded,  for  oxalic  acid,  or  sugar,, 
or  both.  Determinations  for  oxalic  acid  in  the  filtrate  from  the 
Sterigmatocystis  *  were  made  at  once.  Ten  cubic  centimeters  of 
the  solution  were  titrated  against  standardized  NaOH.  The  total 
acidity,  less  the  acidity  at  the  time  of  setting  up  (that  of  the  stock 
solution),  gave  the  correct  amount  of  acid  produced  during 
growth. 

A  measured  quantity  of  the  filtrate,  generally  100  c.c,  was 
next  inverted  by  boiling  with  0.5  c.c.  of  5N  HCl  and  the  invert 
sugar  estimated  by  the  Fehling  test.  When  asparagine  was  pres- 
ent, extra  care  was  taken.  A  cubic  centimeter  or  1.5  c.c.  of 
acid  was  used  for  inversion  and  the  time  of  boiling  extended, 
water  being  added  if  necessary.  Asparagine,  by  virtue  of  its 
amide  groups,  will  reduce  a  copper  solution  and  invalidate  a  test 
for  sugar  in  its  presence.  Hard  boiling  with  HCl  serves  to  de- 
stroy the  molecule  with  the  production  of  NH^Cl,  which  does  not 
interfere  with  the  analysis.  The  Fehling  solution  was  kept  in  two 
portions.  The  stock  CuSO^  contained  69.28  gms.  per  liter;  the 
alkaline  tartrate,  100  gms.  of  NaOH  and  350  gms.  of  KNaC^H^O^ 
per  liter.  Standardization  was  made  against  accurately  freshly  pre- 
pared I  per  cent,  dextrose.  For  each  analysis  5  c.c.  of  each  stock 
solution  and  40  c.c.  of  H^O  were  used.  Calculations  were  made 
on  the  basis  that  under  such  conditions  0.5  gm.  of  invert  sugar 
reduces  97  c.c.  of  the  Fehling  solution.f 

The  fruiting  of  the  control  cultures,  as  mentioned,  determined 
the  reaping  of  the  crop.  The  period  of  growth  varied  with  the 
temperature.     Near  its  optimum  of  34°  C,  Sterigmatocystis  was 

*  Wehmer.     Entstehung  und  physiologische  Bedeutung  der  Oxals3.ure  im  Stoflf- 
wechsel  einiger  Pilze.     Bot.  Zeit.  49  :    1891. 
t  Sutton.     Volumetric  Analysis.     Ed.  1904. 
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ready  to'harvest  in  seven  to  ten  days  when  grown  on  solution  A, 
or  in  four  to  five  days  when  asparagine  replaced  the  NH^N03 ; 
while  the  period  of  cultivation  extended  over  two  to  three  weeks 
if  the  temperature  fell  to  20^-25°  C.  The  lack  of  constant  condi- 
tions is  to  be  regretted,  especially  in  view  of  indications  which  may 
be  discussed  later. 

The  first  effect  of  CHCI^  used  in  such  an  amount  as  is  necessary 
to  cause  noticeable  stimulation  is  to  retard  the  germination  of  the 
spores.  With  the  smallest  quantities  employed,  the  first  hyphae 
did  not  appear  until  six  to  twenty-four  hours  after  growth  had 
started  in  the  chloroform-free  air.  The  second  effect  seen  is  the 
production  of  toughened,  buckled  felts  by  a  rapid  growth  accom- 
panied by  repression  of  conidial  fructification,  as  observed  also 
when  the  organism  is  stimulated  by  salts,  etc.  At  harvesting, 
felts  grown  under  optimum  stimulation  gave  on  an  average  crops 
200  per  cent,  to  300  per  cent,  as  heavy  as  the  normal,  rising  in  some 
instances  to  500  per  cent,  and  700  per  cent.  The  curve  repre- 
senting the  influence  of  CHCI3  on  growth  is  similar  to  those  of 
other  stimulants  ;  it  rises  in  a  characteristic  manner  to  a  maximum 
and  then  falls  again. 

Sterigmatocystis  cultivated  on  solution  A  at  a  temperature 
varying  between  20*^  and  30°  C.  grows  more  luxuriantly  when 
the  content  of  the  atmosphere  is,  per  liter,  the  vapor  of  \  c.c.  of 
liquid  CHCI3  and  the  beneficial  effect  increases  until  \—{^  c.c.  per 
liter  are  used,  when  decrease  begins.  If  the  bell-jar  contains  per 
liter  over  i  c.c.  of  CHCI3  (vaporized),  germination  is  permanently 
stopped,  although  the  spores  will  grow  readily  if  placed  in  air. 
When  asparagine,  instead  of  NH^NO,,  is  the  source  of  nitrogen 
(solution  C)  the  sensitivity  of  the  Sterigmatocystis  is  increased. 
Optimum  growth  then  takes  place  when  \-\  c.c.  of  CHCI3  is 
present  per  liter,  and  |  c.c.  is  sufficient  to  arrest  development. 

The  augmentation  in  weight  is  accompanied  by  a  relatively 
lessened  acid  formation  and  sugar  consumption ;  that  is  to  say, 
the  ratio  of  the  acid  to  the  crop,  and  of  the  sugar  used  to  the  crop 
is  lowered.  For  example,  in  Series  X,  Table  I,  the  acid  coefficient 
is  lowered  from  2.3186  to  .4160  grams  per  gram  fungus  when  the 
atmosphere  held  \  c.c.  of  CHCI3  vaporized  and  to  .3551  grams 
per  gram  fungus  when  the  content  was  -^^  c.c.  ;  at  the  same  time, 
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the  economic  coefficient  fell  from  11.493  to  3.214  and  3.201 
grams  per  gram  fungus  respectively.  The  average  figures  for  the 
atmospheres  quoted  are  for  acid  coefficient  0.6932  and  0.5696  and 
for  sugar  3.744  and  3.514  against  1.4123  and  5.358  for  the  nor- 
mal culture.  The  economic  coefficient  of  the  controls  varies  con- 
siderably from  that  found  by  Kunstmann  *  and  Richards,  f  to  be 
sure,  but  the  figures  obtained  are  fairly  stable.  The  same  thing  is 
true  of  the  data  for  oxalic  acid  as  compared  with  those  of  Ono.J 
That  irregular  fluctuations  may  be  regarded  as  due  to  individual 
peculiarities  is  indicated  by  the  consistency  in  the  various  factors. 
For  instance,  a  lack  of  due  increase  in  weight  is,  in  general,  accom- 
panied by  an  abnormal  rise  in  the  coefficients  of  acid  and  sugar, 
pointing  to  internal  differences  rather  than  to  errors  in  calculation 
or  manipulation. 

Chloroform  belongs  to  the  so-called  catalytics  in  Loew's  § 
classification.  The  small  amount  absorbed  by  the  water  of  the 
nutrient  solution  affects  the  protoplasm  so  as  to  cause  it  to  work 
more  economically,,  possibly  through  action  on  the  enzyme 
formed.  II  However  that  may  be,  the  figures  point  again  to  the 
explanation  of  the  phenomena  advanced  by  Richards^  and  by  Ono*  * 
as  his  third  alternative,  /.  e.,  that  the  fungus  can  under  the  condi- 
tions produced  by  the  stimulant  thrive  more  economically. 

The  sensitivity  of  Ptnicilliuni  on  solution  A  is  about  equal  to 
that  of  Stengmatocystis  on  solution  C. 

Another  question  of  interest  is  the  stage  in  the  growth  at 
which  the  Cf  ICI3  is  most  potent.  To  learn  this,  series  were  run 
with  the  optimum  of  CHCI3  placed  in  some  when  set  up  as  before 
and  in  others  after  the  spores  had  been  allowed  to  start.  The 
former  were  more  prosperous  (Table  III) ;  that  is,  the  impulse  given 
at  germination  is  more  effective  than  one  applied  later,  but  even 
after  complete  germination,  the  fungus  responds,  although  in  a 
lesser  degree,  in  the  characteristic  fashion. 


*  L.c. 

XL,c. 

§  Lx>ew.     **  Naturliche  System  der  Gift  Wirkungen."   Munich,  1893,  as  quoted 
by  Davenport,  Experimental  Morphology,  p.  7. 
II  Hueppe  (/.  c.)  suggests  this  vaguely. 
fZ.  r. 
♦«Z.  c. 
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That  chloroform  cannot  furnish  carbon  was  settled  by  sowing 
spores  on  a  solution  of  the  necessary  salts,  but  omitting  sugar,  and 
then  placing  in  optimum  chloroform  conditions.  Not  a  sign  of  a 
germ  tube  appeared  even  after  two  weeks'  time. 

Although  there  are  no  direct  data  on  this  point  at  present,  still 
it  is  very  evident  to  the  worker  that  a  given  amount  of  chloroform 
is  more  efficacious  at  a  higher  than  at  a  lower  temperature,  that  the 
optimum  point  recedes  as  the  temperature  rises.  It  was  impossi- 
ble to  keep  the  temperature  of  the  room  in  which  the  cultures 
were  grown  constant  for  any  considerable  period,  but  the  truth  of 
the  statement  was  many  times  manifest  at  various  stages  in  the 
development.  In  one  or  two  instances  when  the  crop  ripened  at 
from  32-34°  C,  the  optimum  was  pushed  back  from  ^— ^"V  to  -j^j 
or  even  ^  c.c.  per  litre. 

The  facts  indicated  are,  that : 

1.  When  present  in  small  quantities  CHCl,  vapor  acts  as  a 
characteristic  stimulant  to  the  growth  of  Sterigmatocystis  nigra 
and  Penicillium  glaucutn. 

2.  Larger  quantities  are  inimical  or  fatal. 

3.  Increased  growth  is  attended  by  relatively  less  acid  forma- 
tion and  less  sugar  consumption  indicating  greater  economy  in 
metabolism. 

4.  The  time  of  greatest  sensitiveness  is  at  the  germination  of 
the  spores. 

5.  CHCI3  acts  as  a  stimulant  purely  since  it  cannot  be  a 
source  of  carbon. 

6.  The  effect  of  a  given  amount  of  the  anaesthetic  is  greater  as 

the  temperature  rises. 

Barnard  Collr.e,  Columbia  University, 
April,  1905. 
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Table  I. 

Sterigmatocystis  nigra, — Solution  A. 


Percent. 

Oxalic 

'    Economic  Coeffi- 

CHCI3. 

Net 

Increase 

Oxalic 
Acid  by 
Weight 

Acid  per 

>     Sugar 

cient. 

peril. 

Weight. 

Over 
Normal. 

gm 
Fungus. 

Used. 

Sugar: 
Fungus. 

Fungus 
Sugar. 

c.c. 

grams. 

grams. 

grams. 

grams. 

Series  L 

0 

.5836 

— 

•3942 

.6754 

2.7069 

,  4.6378 

1  .2156 

Time  14  days. 

0 

.6628 

— 

.4097 

.6181 

3.0790 

i  4.6454 

.2152 

Temp.  26«-33°C. 

* 

.7400 

18.74 

.2164 

.2924 

'  2. 1 130 

2.8554 

.3502 

10%  sugar  sol. 

A 

.7360 

18.10 

.1597 

.2170 

2.2754 

1  2.9820 

.3353 

i 

.6838 

9.72 

.2860 

.4182 

1.9804 

1  2.8960 

1  .3453 

A 

.7088 

13.73 

.1468 

.2071 

1.9885 

1  2.8054 

.3564 

Series  IL 

0 

.1850 



•1933 

1.044 

'     .7926 

4.284 

.2334 

Time  12  days. 

0 

.2128 

— 

.1571 

.7382 

.8888 

,4.176 

.2394 

Temp.  240-270C. 

A 

.2950 

48.31 

.3622 

1.227 

1.3099 

4.437 

.2254 

\ 

•3314 

66.62 

.2566 

.7743 

1.5031 

:  5.435 

.2204 

i^ 

.4216 

III. 9 

.2203 

.5225 

1.6829 

•  3.991 

.2505 

f 

.3110 

56.36 

.1764 

.5672 

1.3443 

4.321 

•2314 

Series  III. 

0 

.1806 



.1996 

1. 105 

,    .7502 

4.164 

.2407 

Time  12  days. 

0 

.1294 

— 

.1585 

1.224 

'    .5492 

4.487 

.2228 

Temp.  24«-270C. 

A 

.5036 

224.9 

.1558 

.3093 

1  1.5577 

3.091 

.3309 

i 

.4530 

192.2 

.1276 

.2816 

'  1.3916 

3.072 

•3255 

A 

.2448 

57.93 

.0866 

.3537 

.6952 

2.839 

352* 

I 

.1598 

3.10 

.0618 

.3867 

.4482 

2.804 

.4488 

Series  IV. 

0 

.1750 



.1392 

.7954 

.639 

3.651 

.2738 

Time  12  days. 

0 

.0790 

— 

.0928 

1. 174 

.281 

3.557 

.2811 

Temp.  22°-28oC. 

). 

.2620 

106.3 

.1624 

.6198 

1.084 

4.137 

.2147 

.2710 

1134 

■1753 

.6468 

1.080 

3985 

.2509 

A 

.2100 

65.4 

.1469 

.6995 

.833 

3.966 

.2521 

.2780 

1 18.9 

.1469 

.5284 

i  1.178 

4.237 

.2359 

* 

.2226 

75.3 

.1005 

.4535 

1.062 

4.770 

1 .2096 

f 

.1690 

33.1 

.1237 

.7319 

.813 

4.810 

.2078 

Series  V. 

0 

.0920 



.'391 

1. 512 

.462 

5.021 

.1991 

Time  9  days. 

0 

.0640 

— 

.1121 

1. 751 

i    .353 

5.5«5 

. ."813 

Temp.  26<>-3i<>C. 

i 

.1170 

50.0 

.2589 

2.212 

.595 

50^5 

! .1966 

A 

.1550 

98.7 

.2705 

1.745 

.747 

4.819 

.2075 

i 

•1370 

75.6 

.2628 

1. 918 

;  .704 

5.138 

.1946 

A 

.1590 

103.8 

.2551 

1.604 

.767 

4.824 

.2073 

.1110 

44.3 

.2164 

1.949 

.630 

5.676 

.1761 

} 

.1750 

124.3 

.2056 

1. 174 

.837 

4.783 

.2090 

Series  VI. 

0 

.0564 



.0773 

I-37I 

0.181 

3.195 

.3130 

Time  7  days. 

0 

.0360 

— 

.0619 

1. 719 

0.141 

3.917 

.2553 

Temp.  27«>-34°C. 

), 

.3650 

690.0 

.2783 

0.762 

1.480 

4.055 

.2466 

.2020 

337.2 

.1739 

0.861 

0.750 

3.713 

.2693 

). 

.2720 

488.7 

.1662 

0.61 1 

1 0.623 

2.290 

.4366 

.2736 

492.2 

.1971 

0.724 

0.976 

3.567 

.2803 

ii 

.2256 

388.3 

.1469 

0.651 

1  0.623 

2.761 

.3621 

f 

.2246 

386.1 

.1469 

0.654 

0.701 

3.121 

.3204 
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-Concluded. 

rra. — Solution 

A. 

Oxalic 
Acid  by 
Weight. 

Oxalic 
Acid  per 

gm. 
Fungus 

Sugar 
Used. 

1   Economic  CocflB- 
cicnt. 

Sugar: 
Fungus. 

Fungus: 
Sugar. 

grams. 

grams. 

grams. 

.0541 

2.705 

•253 

12.64 

.0791 

.0541 

1.932 

.290 

10.35 

.0967 

.1852 

1.436 

.574 

4.453 

.2246 

.0696 

0.5194 

.518 

3.865 

.2587 

.0812 

0.4160 

.627 

1     3.214 

.3111 

.0696 

0.3551 

.627 

3.201 

.3124 

.0696 

0.3754 

.653 

3.520 

.2841 

.0501 

0.3528 

.326 

,     2.296 

.4356 

.1314 

2.305 

•343 

6.025 

.1659 

.1275 

1.932 

.361 

1     5.462 

.1830 

.1469 

1.499 

.488 

'     4.984 

.2006 

.0696 

0.3497 

.574 

1     2.885 

.3387 

.0773 

0.4271 

.713 

,     3940 

.2538 

.0696 

0.2626 

.701 

!  2.647 

.3778 

.0503 

0.2676 

.427 

1  2.287 

.4408 

.0194 

O.I717 

.253 

1  2.237 

.4470 
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Table  II. 
Averages  of  data  given  in  Table  I. 


1 

Per  Cent.  1 

rtvai;^    Xn\A\ 

1     Economic  Coefficient. 

CHCl,  (         Net 
peril.    1     Weight. 

Increase    1  Oxalic  Acid 
Over       1  by  Weight. 

per  gm. 
Funsrus . 

SugarU.ed'-3^^- 

1     Fungus  ; 

Normal. 

*  ""*"' 

Fungus. 

1       Sugar. 

c.c.           grams. 

1 

grams. 

grams. 

grams. 

1 

o         #.4iSa 

— 

0.1563 

I.4123 

0.754 

5.3579 

'     0.2122 

\         1     0.2702 

209.0 

0.2080 

1. 1368 

1.056 

4.2615 

1     0.2388 

A    1  0.2987 

181.9 

0.1796 

0.7344 

I.IOI 

,     3.722 

I     0.2771 

i    1  0.3015 
A    1  0.2998 

220.5 

0.1756 

0.6932 

1.047 

1    3-744 

0.2924 

223.7 

0.1490 

0.5696 

1.077 

3.514 

0.2966 

*    1  0.2518 

249.3 

O.I 174 

0.6643 

0.741 

I    3.734 

0.3076 

}    1  0.1771 

214. 1 

0.1091    !    0.6168 

0.586 

1    3.449 

0.3239 

Table  III. 

Sterigm( 

Uocystis  «/?r<?.— Solution  C 

Economic  Coefficient. 

CHCl, 
per  ii. 

Net 

Weight,     j 

Sugar  Used. 

Sugar: 
Fungub. 

Fungus : 
Sugar 

c.c. 

grams. 

grams. 

Series  X. 

0 

0.0596 

1.167 

19.58 

0.0511 

Time  7  days. 

0 

0.0340 

1. 167 

34.32 

0.0291 

Temp.  25®-32<»  C. 

t 

0.02fO 

0.858 

40.86 

0.0245 

00290 

0.858 

29.59 

0.0339 

\ 

O.II5O 

1.038 

9.026 

O.I  108 

0.0720 

0.930 

12.91 

0.0774 

A 

0.0650 

0.832 

12.80 

0.0781 

i 

0.1 120 

0.930 

8.303 

0.1204 

Series  XI. 

0 

0.0886 

Time  7  days. 

i 

0.3106 

Temp.  3oO-3i<»  C 

t 

0.3610 
0.2340 

Series  XII. 

0 

O.I9IO 

Time  4  days. 

0 

0.1660 

Temp.  320-34**  C. 

1 
i 

0.2810 
0.2860 

0.1920 

Scries  XIII. 

0 

0.4470 

Time  4  days. 

0 

0.3520 

Temp.  270-320  C. 

A 

0.2200 
0.4660 
0.5790 
0.2130 

0.2120 

\   1  0.1980  1 
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Table  IV 

Sterigniatocyitii  nigra. — Solution  A 


M     . 

Oxalic 

Oxalic 

Economic 

Coefficient. 

ii 

Net 
Weight. 

Acid  by 
Weight. 

Acid 
perGm. 
Fungus. 

Sugar 
Used 

Sugar: 
Fungus. 

Fungus: 
Sugar. 

Series  XIV. 

c.c. 

grains. 

grams. 

grams. 

grams. 

Temp.  24^-31°  C. 

0 

0.1470 

0.1276 

0.8680 

0.477 

3245 

,  0.3082 

CliCI,  in  before  ger- 

0 

0.0950 

0.1044 

1.099 

0.274 

2.884 

0.3467 

mination,  out  after  ger- 

A 

0.3200 

0.1 121 

0.3503 

0.899 

2;,8o9 

0.3559 

mination,  1.  e.y  in   7 

0.1500 

0.0348 

0.2320 

0.365 

3.063 

0.41 10 

days.     Total    time    9 

days. 

CHCI,  after  germina- 

0 

0.0840 

0.1585 

1.887 

0.441 

5.250 

0.1905 

tion,  f .  e. ,  after  2  days ; 

0 

0.0794 

0.1778 

2.239 

0.365 

4.597 

0.2175 

CHCl,   in     10    days. 

i 

0.1240 

0.0309 

0.2492 

0.404 

3.258 

0.3069 

Total  time  12  days. 

A  0.2530 

0.0619 

0.2447 

0.640 

2.530 

0.3953 

OCilCa  jC\.  w  . 

Temp   27°-32<>  C. 

1 

0   ;  0.2200 

0.1925 

0.8750 

0.957 

4.350 

0.2299 

CHCl,  in  before  ger- 

0     0.1336 

0.2040 

1.527 

0.777 

5.816 

O.I719 

mination,  out  after  ger- 

\     0.2760 

0.1584 

0.5739 

I.OI5 

3.677 

0.2719 

mination,  1.   ^.,  in   3 

T^j     0.3040 

O.I  198 

0.3941 

0.996 

3431 

0.2915 

days.      Total   time  7 

days. 

CHCl  J  in  after  germi- 

0 

0.1780 

0.2744 

1.542 

0.936 

5.258 

0.1902 

nation,  f.  ^.,   after   2 

0 

0.1350 

0.2435 

1.804 

0.751 

5.563 

0.1798 

days;   CHCl,    in     8 

1  ; 

0.0490 

0.0154 

0.3143 

0.257 

5.245 

0.1907 

days.     Total  time  10 

T8 

0.0280 

0.0193 

0.6893 

0.257 

9.178 

0.1089 

days. 

Scries  XVI. 

Temp.  23°-29®  C. 

0   \  0.0780 

CHCl,  in  before  ger- 

i   0.3730 

mination,  in  4  days. 

T^J     0.1700 

Total  time  14  days. 

1 

CHCl,  in  after  germi- 

0   O.I  190 

nation.     In  14  days. 

\    1  0.2000 

ToUl  time  16  days. 

^^     0.2676 

Series  XVII. 

' 

Temp.  26®-28<*  C. 

0    j  0.0674 

CHCl,  in  before  ger- 

i I  0.1470 

mination.     In  4  days. 

/i  0.1530 

Total  time  8  days. 

CHCl,  in  after  germi- 

0   0.1040 

nation.     In    12  days. 

i  '  0.0330 

Total  time  12  days. 

^2 

0. 1040 
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The  Publications  of  the  Department  of  Botany,  Co- 
lumbia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Species  of 
the  Genus  Polygonum,     Pp.  178.    84  plates.    1895.    Price, 
six  dollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Poten- 
tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  I-2S  ( 1 886-1892).  Out  of  print,  except  Nos.  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32.  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  so,  52,  54,  59,  60,  and 
72  are  out  of  print;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  119  which  is  fifty  cents, 
and  Nos.  loi,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133,  136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
^WQ.  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

♦  Nos.  157  and  158,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  SisyrincAium, 
can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany. 

New  York  city. 
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PHYTOGEOGRAPHICAL  EXPLORATIONS  IN  THE 
COASTAL  PLAIN  OF  GEORGIA  IN  1904 


By  ROLAND  M.  HARPER 


NEW    YORK 
1905 


[FrOB^  |tie  BULLBTIJ*  OF  THE  TOBBKY,  BOTANICAL  Club^82^:  461-467._l»p6] 
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[From  the  Bulletin  of  the  Torkey  Botanical  Club,  3a:  451-467.     1905,] 


Phytogeographical  explorations  in  the  coastal  plain  of  Georgia  in  1904 

Roland  M.  Harper 

In  1904  my  field  work  was  confined  to  the  winter  and  spring 
months,  in  which  I  had  not  previously  done  any  work  in  South 
Georgia.  While  collecting  timber  specimens  for  the  Georgia 
State  Museum  I  spent  a  month,  from  January  23  to  February 
23  inclusive,  in  the  coastal  plain,  passing  through  the  counties  of 
Muscogee,  Chattahoochee,  Marion,  Schley  and  Sumter  in  January, 
and  Dooly,  Wilcox,  Irwin,  Coffee,  Appling,  Ware,  Clinch,  Echols, 
Lowndes,  Brooks,  Thomas,  Decatur,  Miller,  Early,  Calhoun  and 
Randolph  in  February.  During  this  period  flowering  plants 
numbered  20jg  to  20j6  and  about  the  same  number  of  fungi  and 
bryophytes  were  collected.  At  the  same  time  I  made  many  car- 
window  notes  on  distribution,  mainly  of  trees  and  evergreen 
shrubs. 

After  completing  my  work  for  the  State  I  took  the  field  again 
on  March  25,  and  before  the  end  of  May  made  notes  or  collec- 
tions in  the  following  counties  lying  wholly  or  partly  in  the  coastal 
plain:  McDuffie,  Columbia,  Richmond,  Burke,  Screven,  Bulloch,. 
Emanuel,  Jefferson,  Washington,  Wilkinson,  Baldwin,  Jones,  Bibb, 
Houston,  Twiggs,  Laurens,  Montgomery,  Tattnall,  Bryan,  Chat- 
ham, Liberty,  Mcintosh,  Glynn,  Wayne,  Pierce,  Ware,  Coffee, 
Berrien,  Lowndes,  Irwin,  Wilcox,  Dooly,  Sumter,  Webster, 
Stewart  and  Randolph,  approximately  in  the  order  named.  On 
this  trip  vascular  plants  numbered  20^7  to  2080  were  collected  in 
March,  2081  to  2i8t  in  April,  and  2182  to  22 J2  in  May.  Seven- 
teen numbers  of  mosses  and  thallophytes  were  collected  at  the 
same  time. 
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Oil  both  trips,  winter  and  spring  together,  I  traveled  about 
2500  miles  by  rail  *  through  the  coastal  plain,  in  order  to  examine 
as  much  of  the  region  as  possible  in  its  vernal  and  prevernal 
aspects.  At  the  same  time  about  250  photographs  of  coastal 
plain  vegetation  and  scenery  were  taken,  with  three  cameras. 

The  winter  of  1903-4  was  colder  than  usual  in  Georgia,  and 
spring  was  consequently  late.  The  first  spring  flower  I  noticed 
was  Alnus  rugosa^  on  January  23.  Acer  rubrum  began  to  bloom 
in  Coffee  County  about  the  first  week  in  February,  and  Pieris 
phillyreaefolia^  Thyrsanthema  semifiosculare  and  an  unidentified 
species  of  Crataegus  in  Lowndes  County  before  the  middle  of  the 
month.  On  the  Chattahoochee  River  in  Early  County  Acer  sac- 
charinum  and  two  or  three  species  of  Ubnus  were  just  past  flower- 
ing on  February  18,  and  Luzula  saltuensis\  was  beginning  to 
bloom  in  Randolph  County  on  the  23d.  But  after  April  ist 
there  was  no  noticeable  scarcity  of  flowers.  On  that  date  I  found 
a  Utricularia,  a  Myriophyllum  and  a  Potamogcton,  plants  which  one 
usually  associates  with  summer,  in  bloom  in  Screven  County. 
During  the  first  month  after  the  vernal  equinox,  before  the  leaves 
on  the  trees  were  full-grown,  I  spent  most  of  the  time  in  the 
Eocene  region  of  the  coastal  plain,  where  mesophytic  forests  pre- 
vail {e.  g.,  in  the  counties  of  Richmond,  Burke,  Jefferson,  Wash- 
ington, Wilkinson,  Twiggs  and  Houston),  and  the  woods  at  that 
season  were  resplendent  with  Aesculiis  Pavia,  Cornus  florida,  Asalea 
nudiflora  and  other  characteristic  spring-flowering  trees  and  shrubs, 
much  as  in  the  Piedmont  region  (Middle  Georgia)  a  little  farther 
inland. 

Toward  the  end  of  April  I  passed  into  and  through  the  pine- 
barren  region,!  where  shade  and  shade-loving  plants  are  scarce, 
and  the  most  conspicuous  flowers  do  not  appear  until  summer. 
On  a  visit  to  Tybee  Island  at  the  mouth  of  the  Savannah  River 
on  April   30   I   was  rather   surprised  at  the  scarcity  of  flowers. 


*  For  over  600  miles  of  this  I  am  indebted  to  the  courtesy  of  the  ofificials  of  five 
railroads,  the  Georgia,  the  Louisville  &  Wadley,  the  Macon,  Dublin  &  Savannah,  the 
Wadley  &  Mt.  Vernon  Extension,  and  the  Georgia  Southern  &  Florida,  especially  the 
last  named. 

t  See  Bull.  Torrey  Club  32  :   154.      1905. 

X  In  Georgia  the  Cretaceous  and  Eocene  regions  together  constitute  about  one- 
fourth  of  the  area  of  the  coastal  plain,  and  the  pine-barrens  nearly  three -fourths. 
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There  seemed  to  be  none  at  all  in  the  salt  marshes,  and  on  the 
dunes  only  Oenothera  humifusa,  a  Cakile  and  a  Gnaphaliiivi  were 
noticed  in  bloom.  But  in  the  *'  hammocks  *'  (low  sandy  elevations 
in  the  salt  marshes,  covered  with  evergreen  trees  and  shrubs) 
Helianthemum  corymbosum  and  Opuniia  vulgaris  were  in  bloom 
and  a  Juncus  and  a  Sagina  had  already  discharged  their  seeds. 
On  McQueen  Island,  a  brackish  marsh  eight  miles  long,  midway 
between  Savannah  and  Tybee,  the  only  flowers  visible  from  the 
train  were  those  of  Scirpus  Olneyi^  a  Hymenocallis  and  an  Iris,  and 
these  only  at  the  upper  end  of  the  island  (where  I  got  off  on  the 
way  back  and  collected  them). 

Most  of  the  places  of  interest  visited  in  1904  would  have  little 
significance  for  persons  not  familiar  with  coastal  plain  geography  in 
general  and  that  of  Georgia  in  particular,  but  there  are  at  least  two 
localities  which  deserve  mention  here. 

In  the  southeastern  part  of  Houston  County,  particularly  for 
two  miles  north  of  Grovania  and  about  the  same  distance  south  of 
Elko,  much  of  the  surface  is  strewn  with  siliceous  boulders,  and 
as  the  topography  is  at  the  same  time  quite  rugged,  such  land  is 
ill  adapted  for  agricultural  purposes  and  still  retains  its  primeval 
forests.  These  forests  are  typically  mesophytic,  as  is  usually  the 
case  in  the  upper  fourth  of  the  coastal  plain,  but  the  abundance  of 
rocks  gives  them  a  much  more  decided  Middle  Georgia  aspect 
than  in  most  coastal  plain  forests.  I  passed  through  this  rocky 
region  on  the  15th  and  i6th  of  April,  about  the  time  flowers  are 
most  numerous  in  such  places,  and  was  interested  to  see  such 
species  as  Botrychium  virginianum,  Phegopteris  hexagonoptera, 
Stipa  avenacea,  Melica  mutica,  Arisaema  triphyllum,  Luzula  cam- 
pcstris,  Erythronium  americanum,  Vagnera  racemosa,  Uvularia  per- 
foliata,  Salotnonia  biflora,  Medeola  virginica,  Trillium  Hugeri,  T, 
stylosum^  Juglans  nigra,  Hicoria  ovata,  Quercus  rubra,  Hepatica 
triloba,  Sanguinaria  canadensis,  Geranium  maculatum,  Nyssa 
sylvatica,  Oxy polls  rigidior,  Asclepias  variegata  and  Chrysogonum  vir- 
ginianuni,  none  of  which  range  much  farther  south,  while  they  are 
more  frequent  in  Middle  Georgia  or  farther  north.  But  the  coastal 
plain  character  of  this  region  is  unmistakably  shown  by  the  occur- 
rence, in  the  same  forests,  of  Pinus  glabra,  Tillandsia  usneoides, 
Uvularia  floridana,  Smilax  pumila,  Myrica  carolinensis,  Magnolia 
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grandiflora^  Acer  floridanum,  Leucotho'e  racemosa  and  Mcsadenia 

The  extent  of  this  formation  east  and  west  is  unknown,  but  I 
have  not  heard  of  the  occurrence  of  anything  of  the  kind  in  any 
other  county.  The  age  of  the  formation  is  not  definitely  known 
either,  but  is  doubtless  either  Eocene  or  Oligocene. 

Immediately  north  of  the  northernmost  of  these  rocky  areas, 
and  perhaps  also  between  them,  is  a  region  with  strongly  calcare- 
ous soil  and  outcrops  of  soft  limestone,  characterized  by  some  or 


Figure  i.  View  in  the  rocky  woods  about  a  mile  south  of  Elko,  Houston 
County,  April  1 6.  Topography  and  vegetation  rather  exceptional  for  the  coastal  plain. 
Polystichum  acrostichoides^  Hicoria  glabra^  fagus  americana^  Nyssa  sylvatica  and 
Cormis  florida  appear  in  the  view,  and  the  whole  aspect  of  the  place  is  much  like  that 
of  many  points  in  the  Alleghanies  and  farther  north. 

all  of  the  following  plants  :  Taxodiiim  distichum,  Carex  chero- 
keensis,  Rhapidophyllmn  Hystrix^  Arisaema  Dracontium,  Tillandsia 
usiieoidcs,  Trillium  lanceolatum,  Zephyranthes  Atamasco,  Juglans 
nigra,  Hicoria  oifata,  Quercus  hybrida^  Q.  acuminata,  Morus  rubra, 
Ulmus  fulva,  Crataegus  (several  species),  Prunus  americana,  Cercis 
canadensis,  Gera?num  maculatum,  Ptclea  trifoliata,  Rhamnus  caro- 
liniana,  Viola  multicaulis,  Bumelia  lycioidcs,  Spigelia  marilandica, 
and  PJdox  divaricata. 
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This  limestone  formation  seems  to  form  a  narrow  belt  extend- 
ing from  the  vicinity  of  Sandersville  through  or  near  Beech  Hill, 
Danville,Westlake,*  and  Tlvola,  to  Perry  and  perhaps  Marshall ville. 
Some  people  living  near  it  have  an  idea  that  it  extends  from  North 
Carolina  to  Mexico,  but  this  is  certainly  an  exaggeration.  In 
Houston  County  it  is  commonly  known  as  **  the  limestone  ridge," 
and  is  dreaded  by  farmers  who  have  to  haul  loads  across  it  in  wet 


Figure  2.  Swamp  of  Oconee  River  near  Beech  Hill,  Wilkinson  County,  a  point 
in  the  limestone  belt  here  described.  April  13.  The  trees  are  all  deciduous,  Querctis 
Muhauxii  being  probably  the  roost  abundant.  The  Palmettos  are  Sabal  Adansonii 
and  Rh  ipidophyllum  Hystrix,  the  former  predominating.  Carex  cherokeensis  and 
other  species  cover  the  ground.     Shrubs  are  almost  wanting. 

weather.  At  other  points  where  I  have  crossed  it  it  is  character- 
ized by  many  of  the  same  plants  just  mentioned,  and  may  be  traced 
by  means  of  them  in  places  where  outcrops  of  the  rock  are  want- 
ing, as  in  the  swamps  of  the  Oconee  and  Ocmulgee  rivers.  (See 
FIGURE  2.)  The  limestone  belt  is  approximately  parallel  with  the 
inland  edge  of  the  pine-barrens,  from  which  it  is  distant  about  ten 
miles.  It  is  believed  to  be  of  Upper  Eocene  or  Lower  Oligocene 
age,  but  its  stratigraphic  relations  with  rocks  of  the  same  age  else- 


*  See  Hull.  Torrey  Club  32  :   162.      I905  ;  under  Crataegus  ^eorgiana. 
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where,  and  with  the  siliceous  rocks  just  mentioned,  are  as  yet  very 
uncertain. 

In  Stewart  County  there  is  a  remarkable  area  of  genuine  pine- 
barrens,  which  I  first  noticed  in  1 90 1,*  and  examined  more  care- 
fully in  the  latter  part  of  May,  1904.  It  is  situated  immediately 
south  of  Omaha,  on  a  plateau  which  is  bounded  abruptly  on  the 
north  by  Hannahatchee  Creek,  and  on  the  west  by  the  Chattahoo- 
chee River  bottoms,  and  is  elevated  something  like  100  feet  above 
both  streams.  The  southern  and  eastern  limits  of  the  plateau  have 
not  been  ascertained,  but  the  pine-barrens  occupy  at  least  a  square 
mile  in  the  northwestern  corner  of  it.  What  makes  this  pine-bar- 
ren area  remarkable  is  the  fact  that  it  is  well  within  the  Cretaceous 
region  (having  unmistakable  exposures  of  Cretaceous  rocks  north, 
south,  east  and  west  of  it)  and  is  separated  from  the  rest  of  the 
pine-barrens  by  the  whole  width  of  the  Eocene  and  part  of  the 
Cretaceous,  a  distance  of  thirty  or  forty  miles.  Although  Pinus 
palmtriSf  the  characteristic  tree  of  the  pine-barrens,  is  scattered 
more  or  less  over  the  whole  Cretaceous  region  of  Georgia,  yet 
nowhere  else  in  that  region  have  I  seen  it  constituting  the  bulk  of 
the  forest  as  in  the  place  here  described.  In  the  Eocene  region  it 
is  still  rarer,  and  one  may  go  from  Cuthbert  twenty  miles  north- 
ward on  the  road  to  Lumpkin  without  seeing  a  single  specimen  of 
it,  its  place  being  taken  there  mostly  by  P.  echinata. 

The  pine-barrens  near  Omaha  are  nearly  level,  and  contain  sev- 
eral ponds,  at  least  one  of  which  probably  holds  water  all  the  year 
round.  (See  figure  3.)  The  whole  aspect  of  the  place  is  much  like 
that  of  some  of  the  pine-barrens  in  the  Lower  Oligocene  region  (in 
Sumter  County,  for  instance),  and  totally  unlike  that  of  the  typical 
Cretaceous  country,  which  is  carved  into  broad  valleys  and  rather 
narrow  ridges,  indicating  a  comparatively  ancient  topography. 
The  long-leaf  pines  grow  fully  as  large  as  they  do  anywhere, 
and  I  measured  a  stump  of  one  which  was  38  inches  in  diameter. 
The  pines  of  low  grounds  are  P.  scrotina  and  P,  Taeda,  instead 
of  P.  Elliottii,  which  ranges  throughout  the  typical  pine-barrens 
in  similar  situations.  The  following  shrubs  and  herbs  are  common 
to  this  area  and  the  typical  pine-barrens,  and  are  rare  or  want- 
ing in  the  Eocene  and  the  rest  of  the  Cretaceous :  Anchistea  vir- 


*  See  Bull.  Torrey  Club  30  :  287,  325.      I903. 
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ginica,  Scirpiis  cylindricus,  Xyris  Smalliana,  Eriocaulon  cowpressum, 
Pontederia  cordata,  Pogonia  divaricata,  Br ascnia  purpurea,  Poly  gala 
lutea,  Hypericum  fasciculaium,  H.  acutifolium,  Rhexia  glabella, 
Persea  pubescens,  Proserpinaca  pectinata,  Limnanthemum  aquaticum, 
Vaccinium  nitidum,  Graiiola  pilosa,  G,  ramosa,  Mofiniera  carolini- 
ana,  Utriculana  purpurea,  Houstonia  rotundifolia,  Viburnion  niti- 
dum,  Sclerolepis  uniflora  and  Sericocarpus  bifoliatus.  Two  of  these, 
Anchistea  and  MonnUra,  are  reported  in  Mohr's  Plant  Life  of  Ala- 


FiGURE  3.  **  Alligator  Pond,"  in  the  outlying  pine-barrens  near  Omaha.  May 
24.  The  tree  in  the  left  foreground  is  Pinus  serotina,  and  most  of  those  in  the  distance 
are  of  the  same  species.  Pontederia  cordata  conspicuous  in  the  foreground.  (For  a 
list  of  some  other  species  observed  in  the  same  pond,  see  Bull.  Torrey  Club  30:  325. 
1903.)  The  demarcation  between  the  pond  vegetation  and  the  surrounding  shrubbery 
is  much  more  abrupt  here  than  in  typical  pine-barren  ponds,  and  suggests  the  glacial 
lakes  of  the  northern  states. 

bama  as  having  been  collected  by  Dr.  E.  A.  Smith  in  the  neigh- 
boring counties  of  Russell  and  Barbour  in  Alabama. 

Now  as  for  the  cause  of  these  outlying  pine-barrens.  The  two 
superficial  formations,  Lafayette  and  Columbia,  are  present,  as  in 
the  typical  pine-barrens  and  mo.st  other  parts  of  the  coastal  plain, 
but  these  rarely  if  ever  determine  the  topography.  The  conclusion 
is  irresistible  that  we  have  here  between  the  Lafayette  and  Creta- 
ceous strata  an  outlying  patch  of  some  Tertiary  formation.     Dr. 
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Smith  suggests  that  it  may  be  the  Grand  Gulf,  which  he  finds  to 
overlap  a  good  deal  of  the  Cretaceous  and  Eocene  in  Alabama ; 
but  the  topography  is  not  exactly  that  of  the  Altamaha  Grit,  which 
in  Georgia  corresponds  to  the  Grand  Gulf  formation  in  Alabama 
and  westward.     Future  explorations  will  probably  settle  this  point. 

The  following  plants  of  special  interest  were  observed  in  South 
Georgia  in  1 904  : 

Pellaea  atropurpurea  (L.)  Link 

Collected  on  May  26  on  limestone  boulders  in  rich  woods  in 
the  extreme  northern  part  of  Randolph  County,  about  a  mile  from 
Grier's  Cave  (no.  2231),  making  one  more  species  common  to 
Pigeon  Mountain  in  Northwest  Georgia  and  the  Midway  Eocene 
region  of  Randolph  County.*  The  general  aspect  of  its  surround- 
ings is  much  the  same  at  both  places.  No  other  coastal  plain 
station  for  Pellaea  seems  to  be  known. 

?  Spartina  junciformis  Engelm.  &  Gray 
On  May  3,  while  approaching  Brunswick,  I  saw  from  the  train 
just  outside  of  the  city  a  quantity  of  an  unfamiliar  grass,  and  on 
investigating  the  next  day  I  found  it  to  be  a  Spartina  {no,  2187), 
with  slender  erect  stems  5  or  6  feet  tall,  growing  in  dense  tufts  of 
several  hundred  each.  Its  inflorescence  is  most  like  that  of  5. 
junciformis,  a  species  of  the  Gulf  coast,  but  it  can  hardly  be  that 
or  any  other  described  species.  The  leaves  of  my  plant  are  con- 
cave, but  not  involute  when  fresh  ;  and  there  is  nothing  in  the 
existing  descriptions  of  5.  junciformis  to  indicate  that  it  grows  in 
such  large  tufts.  (But  probably  most  of  these  descriptions  are 
drawn  entirely  from  herbarium  specimens,  as  is  too  often  the  case.) 
The  habitat  of  my  plant  was  very  unusual  for  a  Spartina,  being  a 
sort  of  combination  of  cypress  {Taxodium  imhricariuni)  pond  and 
pine-barren  stream,  though  probably  only  a  few  feet  above  tide- 
water. All  the  specimens  seen  were  within  about  a  hundred  yards 
of  each  other. 

SciRPUS  fontinalis  Harper,  Bull.  Torrey 
Club  30  :  322.      1903 
This  species,  previously  known  only  from  the  type-locality 
in  Sumter  County,  has  turned  up  at  two  more  South    Georgia 

*See  Bull.  Torrey  Club  31  :    16.      1904. 
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stations,  quite  different  from  the  type-locality  as  well  as  from 
each  other.  On  April  16,  I  found  a  few  specimens  beginning  to 
flower  {no.  21  jo),  around  a  spring  in  the  rocky  woods  mentioned 
above,  about  two  miles  south  of  Elko  in  Houston  County.  On 
May  3,  I  collected  it  again  in  low  woods  near  Thalmann,  Glynn 
County,  where  it  was  more  abundant  (no,  2i8j).  Here  it  was 
associated  with  Sabal  Palmetto,  S,  Adansonii,  Cladium  effusum, 
Itea  virginica,  Rubus  nigrobaccus,  Acer  rubrum,  Pieris  nitida.  Vi- 
burnum nudmn,  and  some  other  species  which  seemed  strangely 
incongruous;  while  at  the  Houston  County  station  some  of  its 
nearest  neighbors  were  Hepatica,  Sanguinaria,  Geranium,  and 
other  familiar  northern  plants.  The  three  known  localities  have 
probably  at  least  one  feature  in  common  however,  the  absence  of 
the  Lafayette  formation  and  consequently  more  or  less  calcareous 
soil. 

The  specimens  of  these  later  collections  have  culms  ascending 
or  nearly  erect  (not  nodding  as  in  the  type),  and  shorter  and  less 
densely  tufted  than  in  the  original  specimens ;  no  tendency  to 
proliferation  in  the  inflorescence  was  observed  (though  this  may 
develop  later  in  the  season)  ;  and  the  type  specimens  were  evi- 
dently somewhat  abnormal  in  these  respects.  The  new  specimens 
seem  to  be  just  as  distinct  from  related  species  as  the  old  ones  were. 

Cladium  mariscoides  (Muhl.)  Torr. 

This  is  probably  common  enough  in  the  glaciated  region  of 
the  North,  but  very  few  stations  are  known  for  it  in  the  South.* 
Consequently  I  was  rather  surprised  to  find  a  good  deal  of  it  in  a 
grassy  cypress  pond  between  Pinehurst  and  Qnadilla  in  Dooly 
County  on  May  21  (no,  2221),     It  was  then  not  quite  in  flower. 

The  leaves  of  this  species  are  different  from  any  others  known 
to  me,  and  I  have  never  seen  them  correctly  described.  Toward 
the  base  they  are  channeled,  and  a  cross  section  there  would  show 
a  shallow  trough  with  flat  bottom  and  erect  sides.  Tapering  up- 
ward, the  leaf  gradually  folds  inward  on  its  midrib,  and  within  an 
inch  or  so  of  the  apex  the  margins  (remaining  about  the  same 
width)  become  completely  united,  giving  there  a  triangular  cross 
section. 

♦See  Rhodora  i  :  43,  98,  204;  2:  123,  202;  5:  133;  6:  108;  7:  72;  also 
Mohr,  Contr.  U.  S.  Nat.  Herb.  6  :  410.      1901 
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Carex  squarrosa  L. 
A  few  specimens  were  collected  in  the  swamp  of  the  Ocmulgee 
River  at  Barrow's  Bluff  (the  present  northern  terminus  of  the 
Wadley  and  Mt.  Vernon  Extension  R.  R.),  Coffee  County,  on 
May  14  {no,  2204),  Its  occurrence  there  is  rather  anomalous, 
for  it  had  not  previously  been  reported  south  of  the  mountains  of 
Georgia ;  but  it  is  unquestionably  indigenous. 

Carex  Walteriana  Bailey  (C  striata  Michx.) 
With    Cladium   mariscoides  (see  above),  also  in   pine-barren 
ponds  in  Screven  {no.  2ogo)  and  Irwin  counties  in  the  Altamaha 
Grit  region.     Seen   in    1903   in  the  eastern  part  of   Effingham 
County  {no.  18 10).     Not  at  all  common. 

The  perigynia  of  this  species  are  described  in  Small's  Flora, 
and  perhaps  elsewhere,  as  *'  purple-brown,"  but  they  are  really 
pale-green,  just  as  in  most  species  with  inflated  perigynia. 

Carex  sp. 
On  May  4,  I  collected  in  a  cypress  pond  just  outside  of 
Brunswick  some  over-ripe  specimens  of  a  Carex  {no.  2186)  which 
does  not  seem  to  be  provided  for  in  modern  books.  I  at  once 
recognized  it  as  a  species  I  had  often  before  seen  in  summer  after 
its  fruit  had  all  fallen,  and  had  never  collected  for  that  reason.  I 
afterward  saw  it  in  a  number  of  similar  places  in  the  pine-barren 
region.  It  is  so  common  that  it  must  have  been  seen  by  many 
botanists  in  the  past,  and  it  has  probably  been  described,  but  it  is 
practically  impossible  to  decide  what  name,  if  any,  should  apply 
to  it.  I  will  describe  it  briefly  here  so  that  future  monographers 
may  recognize  it  and  perhaps  place  it  correctly.  It  is  a  near  rela- 
tive of  C.  glaucescens  Ell.  or  C.  verrucosa  Muhl.  (if  these  are  syn- 
onymous ;  if  they  are  not,  it  may  be  identical  with  one  of  them), 
but  differs  from  the  plants  to  which  these  names  have  been  usually 
applied  in  having  the  pistillate  spikes  on  stout  nearly  erect  pedun- 
cles, and  flowering  always  about  three  months  earlier  (/.  e.,  in 
March  or  April,  like  most  Carices  in  that  latitude). 

Carex  cherokeensis  Schw. 
Seen  on  April  1 3  and  I  5  at  two  points  in  the  limestone  belt 
above  mentioned,  namely,  in  the  Oconee  River  swamp  near  Beech 
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Hill,  Wilkinson  County  (no,  ^//^),  and  in  rich  woods  betweei] 
Tivola  and  Beech  Haven,  Houston  County.  At  the  former 
station  (see  figure  2)  it  and  several  of  its  congeners  were  quite 
abundant  This  is  one  of  the  few  Carices  which  shows  a  decided 
preference  for  calcareous  soil.  It  does  not  seem  to  have  been  re- 
ported from  the  coastal  plain  of  Georgia  before  (though  I  collected 
it  in  Sumter  County  in  1900),  but  it  has  long  been  known  from 
the  Palaeozoic  region  (Northwest  Georgia),  where  it  seems  to  have 
been  first  discovered. 

In  the  description  of  the  species  in  Small's  Flora  the  word 
staminate  is  inadvertently  used  instead  of  pistillate,  and  in  the  key 
the  descriptive  phrase  "  Leaves  pubescent  '*  belongs  to  the  north- 
em  representative  of  the  group  Flexiles  (see  Britton*s  Manual,  page 
206),  and  not  to  C.  cherokeensis.  This  gave  me  some  trouble  in 
identifying  it.  The  following  characters  might  well  be  added  to 
the  existing  descriptions  of  this  very  distinct  species  : —  Rootstocks 
stout,  elongated,  horizontal,  partly  covered  with  the  rigid  persistent 
bases  of  the  leaves ;  leaves  smooth  and  shining,  tough,  purple  at 
base. 

Carex  reniformis  (Bailey)  Small 

With  or  near  several  of  its  congeners  (but  perfectly  distinct 
from  any  of  them)  in  the  swamp  of  the  Ohoopee  river  near  the 
center  of  Tattnall  County,  April  26  {jto,  2ijj),  Previously 
known  only  from  Mississippi  and  Louisiana. 

Eriocaulon  lineare  Small,  Fl.  S.  E.  U.  S.  236.     1903 

This  was  one  of  the  greatest  surprises  of  the  whole  trip.  It 
was  originally  described  from  a  few  specimens  collected  in  wet 
woods  in  the  pine-barrens  in  the  upper  part  of  Bulloch  County  in 
June,  1 901  ;  and  I  never  saw  a  trace  of  it  again  until  April  and  May 
of  last  year.  Then  I  was  astonished  to  find  it  one  of  the  most 
abundant  plants  in  moist  pine-barrens  in  the  Altamaha  Grit  region, 
growing  in  countless  millions  in  Bulloch,  Tattnall,  Montgomery 
(no.  2i^6\  Coffee,  Wilcox,  Irwin,  Berrien,  and  doubtless  many 
other  counties.  Its  habitat  is  exactly  that  of  the  well  known  and 
larger  E.  dccangidare,  which  is  equally  abundant  and  conspicuous 
during  the  summer  months.  E,  lineare  seems  to  flower  only  in 
April  and  May  (the  type  specimens,  collected  early  in  June,  were 
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]^t  their  prime),  and  after  that  its  scapes  must  disappear  almost 
completely,  and  the  leaves  alone  would  attract  no  attention.  When 
it  is  in  flower  E,  decangulare  can  usually  be  found  with  it,  but  very 
immature  and  inconspicuous,  and  when  the  latter  blooms  the 
former  is  almost  invisible.  How  such  an  abundant  species  as  E, 
lineare  could  have  been  overlooked  so  long  can  be  explained  only 
on  the  supposition  that  it  is  nearly  confined  to  the  Altamaha  Grit 
region,  which  up  to  last  year  had  scarcely  been  explored  in  spring.* 


Figure  4.  Eriocaulon  lineare  in  moist  pine-barrens,  Douglas,  Coffee  County. 
May  16.  Two  months  later  in  the  season  E,  decangulare  can  be  found  equally 
abundant  on  the  same  spot.  (The  pitcher-plants  are  Sarracenia  fiava  in  the  back- 
ground and  S.  Jlava  X  fftinor  in  the  foreground. ) 

If  the  plant  had  ever  been  seen  by  other  botanists  it  was  probably 
mistaken  for  Laclmocaulon  anccps  or  Dupatya  flavidula^  which  often 
grow  with  it  and  are  about  the  same  size.  In  its  own  genus  it  is 
probably  nearest  related  to  E,  comprcssum,  a  considerably  larger 
plant  which  flowers  still  earlier,  in  March  and  April,  and  grows 
almost  always  in  pine-barren  ponds.  E,  septangulare  is  nearer  to 
it  in  size,  but  is  rare  in  the  South,  growing  on  sandy  margins  of 
ponds  and  flowering  in  late  summer. f 

With  more  copious   material   at   hand,  the   resemblance  of  £ 

*  See  Hull.  Torrey  Club  32  :    142.      1905. 
tSee  Bull.  Torrey  Club  31  :   14.      1904. 
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lineare  to  a  plant  from  Sumter  County  {rio.  ijpj)  which  I  had  dis- 
tributed in  my  1902  collection  as  E.  texcnse  Koern.  *  seemed  very 
strong,  so  on  May  2 1  I  revisited  that  locality  and  collected  some 
more  specimens  {no.  22 ig)  on  the  same  spot.  These  proved  to 
be  E.  lineare^  as  I  suspected ;  so  E,  tcxense  seems  to  be  known 
only  from  the  original  collection,  after  all. 

I  notice  an  unfortunate  typographical  error  in  the  original 
description  of  E,  lineare.  At  the  end  of  the  first  line,  *'  alternate  " 
should  be  "  attenuate  "  (referring,  of  course,  to  the  apex  of  the 
leaf). 

Aletris  obovata  Nash  ;  Small,  Fl.  S.  E.  U.  S.  286.  22  Jl  1903 
(Described  more  fully  in  Torreya  3  :  loi,  102.     25  Jl  1903) 

This  is  the  common  if  not  the  only  white-flowered  Aletris  in  the 
Altamaha  Grit  region.  In  May  I  saw  it  in  the  counties  of  Ware, 
Coflee  {no,  2201),  Wilcox,  Irwin  and  Berrien,  in  rather  dry  pine- 
barrens.  It  was  previously  known  only  from  the  type-locality  in 
northeastern  Florida. 

Dr.  Chapman  describes  the  flowers  of  both  A.  attrca  and  A. 
farinosa  as  either  white  or  yellow,  but  it  is  now  pretty  evident  that 
his  ytWovf  farinosa  was  A,  lutea  Small, f  and  his  white  aurea.  A, 
obovata  Nash  ;  so  the  description  of  these  two  newer  species  has 
considerably  facilitated  our  understanding  of  the  genus.  Like 
A.  lutea,  which  often  grows  with  it,  and  blooms  at  the  same  time, 
A,  obovata  differs  from  A,  farinosa  in  range  and  from  A,  aurea  in 
time  of  flowering. 

With  A,  lutea  and  A,  obovata  at  the  place  where  I  collected 
the  latter  (near  Douglas)  were  a  few  specimens  intermediate  in 
appearance,  probably  hybrids. 

Hymenocallis  sp. 
At  the  end  of  April  a  Hymenocallis  {no,  21  jg)  in  full  bloom 
was  conspicuous  in  the  brackish  marshes  at  the  upper  end  of  Mc- 
Queen Island  in  Chatham  County,  about  five  miles  from  Savan- 
nah by  the  Tybee  Railroad.  It  had  only  one  or  two  flowers, 
usually  two,  on  each  scape,  and  the  leaves  were  only  about  2  cm. 
wide.     This  plant  seems  to  have  been  known  to  LeConte,  Feay, 

♦  Sec  Bull.  Torrey  Club  31 :  20.     1904. 
t  Sec  Bull.  Torrey  Club  3a  :  154.     1905. 
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and  some  of  their  predecessors,  but  in  the  present  state  of  the  lit- 
erature bearing  on  the  genus  it  is  difficult  to  decide  whether  it  has 
ever  received  a  tenable  name.  It  is  certainly  distinct  from  a  species 
which  grows  in  shady  swamps  in  the  Lower  Oligocene  region  and 
has  broad  leaves  and  three  or  four  flowers,  blooming  in  July  ;  but 
there  are  probably  not  more  than  three  species  of  Hymctiocallis  in 
the  southeastern  states  outside  of  Florida,  and  one  of  them  is  very 


FuJURE  5.     Hynunocallis  sp.  in  Seventeen  Mile  Creek,  Coffee  County.     May  12. 
The  creek  was  very  nearly  dry  at  the  time,  but  water  often  covers  this  spot. 

local,  growing  only  along  the  fall-line.  These  three  species  are 
recognized  in  Mohr's  Plant  Life  of  Alabama,  but  it  is  not  certain 
that  they  are  correctly  named  there.  The  study  of  this  genus  is 
complicated  by  the  fact  that  some  species  are  said  to  produce  more 
flowers  in  cultivation  than  in  the  wild  state,  and  several  of  them 
were  first  described  from  cultivated  specimens. 
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What  seems  to  be  exactly  the  same  plant  was  seen  in  a  creek 
swamp  in  Coffee  County  in  May,  and  the  illustration  of  it  sub- 
joined (figure  5)  may  enable  some  future  monographer  to  deter- 
mine the  species. 

Quercus  geminata  Small,  Bull.  Torrey  Club  24  :  438.      1897 

This  has  been  known  hitherto  only  as  a  shrub  or  small  tree, 
ranging  from  Florida  to  Mississippi.  While  collecting  timber 
specimens  in  the  winter  I  had  occasion  to  study  the  live-oaks  on 
the  sand-hills  of  the  Altamaha  Grit  region,  and  found  them  to  be 
all  of  this  species.  In  Coffee  County  {no,  20J0)  it  is  sometimes 
thirty  feet  tall,  with  a  trunk  two  feet  in  diameter,  which  when  full 
grown  is  never  erect,  but  ascending  or  curved. 

Its  distribution  has  not  been  well  worked  out  yet,  but  it  can 
probably  be  found  in  every  county  in  the  lower  half  of  the  coastal 
plain  of  Georgia.  Q.  virpniana,  with  which  it  was  formerly  con- 
fused, seems  to  be  confined  to  the  immediate  vicinity  of  the  coast 
and  to  the  lime-sink  region  (which  are  just  the  regions  where 
Tillandsia  usncaides  grows  most  luxuriantly).  These  two  oaks  are 
not  as  distinct  as  one  might  wish,  however,  and  on  Tybee  Island 
I  have  seen  specimens  which  might  be  referred  about  equally  well 
to  either. 

Claytonia  virginica  L. 

In  the  swamp  of  the  Oconee  River  near.  Beech  Hill,  Wilkinson 
County  (see  figure  2),  April  13  {tio.  2120).  This  is  the  only 
place  where  I  have  seen  it  in  the  South.  Its  habitat  is  certainly 
very  different  there  from  what  it  is  in  New  York  City,  where  it  is 
almost  a  weed. 

Sagina  decumbens  Smithii  (Gray)  Wats. 

What  seems  to  be  this  little-known  plant  was  collected  in  a 
hammock  (see  page  453)  on  Tybee  Island  on  April  30  {no,  2IJ5\ 
It  was  past  flowering,  but  was  readily  distinguishable  from  5.  de- 
cumbens by  its  almost  simple,  strictly  erect,  purple  stems.  It  was 
previously  known  only  from  the  coastal  plain  of  New  Jersey,  and 
adjacent  Pennsylvania. 

There  are  a  number  of  plants  on  the  sea  islands  of  Georgia, 
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growing  in  apparently  perfectly  natural  places,  whose  indigeneity  * 
is  doubtful,  and  this  is  one  of  them. 

Magnolia  acuminata  L. 
Collected  in  rich  woods  at  the  extreme  coastward  edge  of  the 
Cretaceous  region,  about  two  miles  northwest  of  Lumpkin,  May 
25  {fw.  22 2y).  I  saw  only  one  tree,  but  was  informed  by  a  native 
that  there  is  a  good  deal  of  it  in  the  vicinity,  and  that  its  wood  is 
a  favorite  material  for  hoe-handles. 

Saxifraga  virginiensis  Michx. 
On  sandstone  rocks  on  a  bluff  along  McBean  Creek  in  the 
southeastern  corner  of  Richmond  County,  March  26,  in  flower 
{no.  2061).  This  station  is  in  the  Eocene  region,  about  twelve 
miles  below  the  fall-line,  and  seems  to  be  the  only  one  known  for 
this  species  in  the  coastal  plain. 

DiRCA    PALUSTRIS    L. 

On  the  sandy  bank  of  the  Oconee  River  opposite  Dublin, 
Laurens  County  April  20  {no,  2ij6),  This  locality  was  pretty 
well  exposed  to  the  sun,  and  is  rather  a  remarkable  one  for  a 
species  which  in  New  England  prefers  the  coolest  and  shadiest 
places. 

Aesculus  parviflora  Walt. 

In  rich  shady  woods  at  two  or  three  places  between  Lumpkin 
and  Omaha,  in  Stewart  County,  in  the  Cretaceous  region.  May  24 
and  25,  with  flower-buds  very  immature  {no,  2225).  I  do  not 
know  of  any  other  station  in  Georgia  for  it.  The  habitat  and 
time  of  flowering  given  for  this  species  by  Chapman  and  Small 
seem  to  need  some  revision. 

PoLYCODiUM  REVOLUTUM  Greene,  Pittonia  3 :  325.      1898 

On  the  sand-hills  of  the  Allapaha  River  in  the  northeastern 
part  of  Berrien  County,  May  5  {no,  21  gi).  A  shrub  about  6  feet 
tall,  copiously  branched.  Previously  known  only  from  the  type- 
locality  in  Lake  County,  Florida.     This  species  is  not  mentioned 

*  I  do  not  find  this  word  in  the  dictionaries,  but  it  appears  in  the  Journal  of  Bot- 
any for  March.  1905  (page  90),  if  not  elsewhere,  and  there  seems  to  be  no  other  word 
to  express  the  same  idea. 
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in  Small's  Flora,  but  seems  as  distinct  as  any  of  those  into  which 
this  little  genus  has  recently  been  divided. 

Leptopoda  Helenium  Nutt  Gen.  2:   174.     18 18 

Frequent  in  moist  pine-barrens  and  shallow  ponds  in  various 
parts  of  the  coastal  plain,  flowering  in  April  and  May.  Collected 
in  Bulloch  {no,  216'f)  and  Sumter  {no.  221J)  counties.  This  cer- 
tainly seems  generically  distinct  from  Helenhim,  in  which  it  has 
been  placed  by  many  authors  ;  but  I  am  unable  so  far  to  distin- 
guish more  than  one  species  of  Leptopoda. 

College  Point,  New  York. 
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cloth  string.  The  siphon  ended  in  a  capillary  tube,  so  that 
the  flow  of  water  was  small  and,  while  it  ran  down  the  oco- 
tillo  stem  at  times,  it  did  not  reach  the  ground  in  any  case.  The 
reservoir  was  replenished  daily,  but  the  flow  of  water  was  discon- 
tinuous. The  result  was,  of  course,  a  closer  simulation  of  the 
actual  occurrences  at  the  time  of  the  rainy  season. 

The  first  run  of  water  was  applied  on  the  morning  of  the  first 
of  July,  and  this  was  repeated  each  day.  The  stem  was  thus 
kept  more  or  less  wet  for  half  the  time.  On  the  evening  of  the 
fourth,  the  leaves  along  12-15  inches  of  the  stem  below  the  ban- 


FiG.  I.     FatiquUria  spUndens^  showing  a  branch  which  had  been  irrigated  during 
four  days. 

dage  showed  marked  development,  being  i  centimeter  long  ;  and 
by  the  sixth  of  July,  at  three  P.  M.,  their  length  was  1.5  centi- 
meters. On  July  9,  the  largest  leaves  were  2  centimeters  long, 
and  the  branch  in  question,  together  with  its  neighbors  were 
photographed  (Fig.  i).  In  looking  at  this  picture  one  must 
realize  that  all  the  stems  shown  were  at  first  equally  leafless.  It 
will  be  instructive  to  compare  the  above  facts  with  those  observed 
after  rain. 
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On  July  1 1,  at  5  P.  M.,  we  had  the  first  shower  of  the  rainy 
season,  the  amount  of  precipitation  being  one  and  one-tenth  inches 
within  two  hours,  drenching,  of  course,  all  the  vegetation.  On 
the  following  day  (the  1 2th)  at  four  P.  M.,  it  was  quite  evident  to 
the  eye  that  the  buds  had  made  a  start.  By  July  13,  the  slender 
conical  buds  along  the  whole  extent  of  the  stems  were  7  to  8  milli- 
meters long.  On  July  14  at  five  A.  M.,  the  rosettes  of  leaves 
were  well  formed ;  the  length  of  the  largest  leaves  was  1.5  centi- 
meters, their  size  being,  however,  quite  uniform.  On  July  15, 
the  photograph  forming  the  second  figure  was  taken.     It  will  be 


Fig.  2.     Fouquieria  spUndens  —  the  same  as  in  FiG.  I,  three  days  after  a  rain. 

noted  that  the  leaves  on  the  irrigated  stem  were  at  that  time  much 
larger  than  the  freshly  formed  leaves,  that  is,  those  produced  after 
the  rain,  and  as  a  result  of  the  stimulus  thereby  given. 

It  will  be  noted  that  the  development  after  the  rain  was  more 
rapid  than  after  irrigation,  notwithstanding  that  the  water  was 
applied  artifically  from  time  to  time  during  the  period  of  growth 
under  observation,  while  the  wetting  by  rain  occurred  but  once. 
The  fact,  however,  must  not  be  lost  sight  of,  that  following  the 
rain  there  is  a  marked  rise  in  the  relative  humidity,  though  I  re- 
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gret  that  I  did  not  take  observations 
of  the  plant.  Then,  too,  the  ground 
is  remarkable  how  rapidly  the  soil  be 
able  depth.  Undoubtedly  this  fact  w 
growth  of  the  post-pluvial  foliage, 
above,  the  total  growth  in  a  few  days 
available  on  the  surface  of  the  ster 
strained,  I  believe,  if  we  conclude  that 
to  growth  in  the  leaves  is  due  to  the  ^ 
or  near  the  buds.  In  view  of  the  ^ 
bark  it  seems  unlikely  that  the  watt 
where,  though  we  may  be  wrong  in  thij 
which  conceivably  the  water  might  e 

It  may  also  be  noted  that  the  bud: 
sometimes  indeed  scarcely  visible,  an( 
light-brown,  thin,  chaffy  scales.  The 
same  place  results  in  a  rough  area  s 
bud  at  which  water  may,  we  may  well 
is  otherwise  no  evidence  of  the  prese 
structures  to  this  end,  and  their  absei 
type  of  plant  is  not  to  be  overlooke 
water  by  the  stem  is  of  no  very  grea 
economy  of  the  ocotillo,  may  perhaps 
on  the  other  hand  we  might  argue  th 
is  very  scarce  the  very  rapid  producti 
great  importance  that  even  the  litth 
equally  so.  At  any  rate,  the  questioi 
is  one  of  a  host  of  similar  ones  whic 
stant  study  under  just  such  special  c 
in  the  desert. 

Teach  KRs  College,  Columbia  Universit" 
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narrative  of  his  report  on  the  voyage  of  /'  Uranie  says  (page  48) : 
*'  On  trouve  de  plus  une  fougere  tres-remarquable  qui  abonde  sur 
les  rameaux  de  tous  les  tamariniers  :  c*est  VAcrostichum  alcicorne, 
ou  du  moins  une  espece  ou  variete  du  genre  {Alcicornium)  qu'on 
ne  manquera  pas  de  faire  de  ces  plantes  des  qu'elles  seront  mieux 
examinees."  We  can  hardly  discern  the  distinction  between  this 
case  and  that  of  Elaphoglossum^  and  we  must  consider  the  genus 
Alcicornium  as  "n/^  published"  by  the  association  of  a  generic 
name  with  a  type  species ;  and  Mr.  Christensen,  who  includes 
among  certain  just  criticisms  *  of  my  recognition  of  fern  genera  of 
the  Old  World  a  rejection  of  this  genus,  is  surely  inconsistent  in 
taking  up  Elaphoglossum  while  denying  validity  to  Alcicornium. 
It  is  true  that  in  the  latter  case  Gaudichaud  withdrew  his  name  in 
the  same  work  (page  307),  but  there  was  an  interval  of  nearly  two 
years  between  the  first  publication  and  the  second.f  during  which 
Desvaux  published  the  genus  Platycerium  more  formally,  and 
Gaudichaud  with  the  characteristic  **apres  vous,  monsieur"  of 
French  courtesy  simply  withdrew  his  genus  in  deference  to 
Desvaux.  It  is  a  generally  recognized  principle  of  biological 
nomenclature  that  **  a  name  is  a  name,"  and  that  a  genus  once  pub- 
lished cannot-  be  withdrawn  from  nomenclature  even  by  its  own 
author.  The  only  reason  for  withdrawing  a  published  name  is  the 
proof  that  it  is  either  a  synonym  or  a  homonym.  If  Desvaux  had 
not  published  Platycerium  in  1827  no  one  would  have  hesitated  to 
dte  Alcicornium  as  dating  from  its  first  publication  at  page  48  of 
Freycinet's  voyage  in  1826.  On  the  principle  of  priority  of  publi- 
cation, therefore,  we  must  accept  the  name  Alcicornium  as  the 
proper  designation  for  the  unique  genus  of  stag-horn  fems.J     If 

*  Christensen.  On  the  American  species  of  LeptochUus  sect.  Bolbitis.  Bot. 
Tidssk.  a6  :  283-300.  1904.  Much  of  Mr.  Cbristensen*s  criticism  is  based  on  a  mis- 
conception of  my  point  of  view ;  our  conceptions  of  the  limitations  of  genera  arc  wholly 
different.  In  the  single  case  of  Belvisia  I  had  overlooked  the  synoptical  publication 
of  the  genus  in  which  the  order  of  the  species  is  inverted  from  that  in  its  more  formal 
publication  in  the  text.  This  transfers  Belvisia  from  Acrostichum  sficatum  to  A. 
sepUntrionaU  {Aspienium  septtntrionaU  Hoffm. ). 

fThe  date  of  the  publication  of  pages  1-48  of  Freycinet's  voyage  is  1826.  The 
date  of  the  publication  of  pages  265-312,  including  the  withdrawal  of  Alcicornium^ 
is  1828.     Cf.  Jour.  Bot.  39:  206.     1901. 

%  In  raising  this  group  to  a  tribal  alliance  (Bull.  Torrey  Club  30:  672)  we  over- 
looked th^  fact  that  this  had  already  been  done  by  the  acute  John  Smith  in  his  Histotia 
Filicum^  122.  1875.  We  would  now  exclude  from  the  tribe  the  peculiar  genus 
CheiropUuria  placed  in  this  alliance  by  Diels  ( Die  nat.  Pflanzenfam.  i< :  336)  as  more 
properly  representing,  in  its  vascular  system  particularly,  a  high  degree  of  differentiation 
in  the  tribe  Acrostichcac, 
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we  were  to  djcide  nomenclature  on.  a  principle  ofpurely  temporizing 
expediency  and  in  entire  disregard  of  principles,  as  advocated  at 
the  recent  Vienna  congress,  we  might  argue  the  continuance  of  the 
name  Platyceriutn,  but  once  adopting  the  principle  of  priority  of 
publication  as  a  fundamental  law  and  the  date  of  1753  as  initial, 
which  annuls  the  old  conceptual  idea  of  a  genus,  we  are  forced  to 
adopt  Alcicomium, 

The  stag-horn  ferns,  which  have  attracted  attention  since  the 
time  of  Plukenet,  two  centuries  ago,  by  their  bizarre  appearance 
and  habit  of  growth,  are,  with  one  exception,  confined  to  the 
tropical  and  sub-temperate  regions  of  the  Old  World.  Except  for 
Hooker's  treatment  in  Species  Filicutn  they  have  never  been  mono- 
graphed, and  as  the  recent  literature  relating  to  individual  species 
is  greatly  scattered  we  present  this  preliminary  revision  with  refer- 
ences to  the  numerous  illustrations  that  have  been  published,  par- 
ticularly since  these  ferns  are  attracting  considerable  attention  in 
cultivation  at  the  present  time.  In  this  connection  we  shall 
attempt  to  elucidate  the  nomenclatorial  tangle  not  only  of  the 
generic  name  but  of  the  specific  name  of  one  of  the  commonest 
species,  since  two  of  the  species  of  the  genus  have  been  more  or 
less  mixed  during  their  entire  history.* 

In  1705  Plukenet  (Amal.  Bot.  //.  42^,  /.  2)  figured  a  sterile 
African  plant  with  the  designation  Neuroplatyceros  aethiopicus,  tier- 
vosis  foliis,  cornu  cervinum  referentibus  (page  151). 

Miiller,  in  1785,  described  Osmunda  coronaria  (=  Alcicornium 
coronariutn)  from  Siam. 

Willemet  was  the  first  to  describe  Acrostichum  alcicorne,  in 
1796  (Usteri,  Ann.  6^® :  61),  as  follows  : 

Acrostichum  (^aicicorne)  frondiformibus  lobatis :  lobis  dichotomis.  N.  Habitat 
in  Madagascaria. 

Stadtmannus  plantain  siccam  dabat. 

Fructificatio  non  adest  in  meo  speciroine.  In  altero  loborum  aversam  partem 
occupabat. 

In  1799  Cavanilles  (Anal.  Hist.  Nat.  i  :  105)  described -^rr^x- 
tichum  bifurcatum  from  Port  Jackson,  New  Holland. 

In  Schrader's  Jour,  fiir  die  Botanik  (1800' :  1 1.  1801)  Swartz 
described  an  Acrosticum  alcicorne  with  no  reference  whatever  to 


*  (y.  Camithers.  The  Nomenclature  of  Platycerium,  Jour.  Bot.  38:  123-125. 
19CX).  Mr.  Canruthers  gives  a  number  of  interesting  points  on  the  early  history  of  the 
species,  but  does  not  begin  to  fathom  the  nomenclatorial  difficulties. 
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Willemet  but  dted  Plukenet's  figure  ;  he  apparently  mixed  two  spe- 
cies in  his  account  in  his  expressions  "  lacinns  *  *  *  versus  apices 
fructiferis*'  and  ** foliis primordialibus  reniformibus lobatis venosis'' 

In  1804  Schkuhr  (Crypt  Gewachs.  i.  //.  2)  reproduced 
Plukenet's  figure  in  color,  adding  Willemet's  citation  with  a  ?, 
using  the  name  Acrostichum  alcicome  without  adding  to  the  knowl- 
edge of  the  subject. 

In  1806  Palisot  de  Beauvois  (Fl.  d'Oware  et  de  Benin.  2.  pi 
2)  described  and  figured  Acrostichum  Stemaria  in  color,  collected 
by  Commerson  in  Madagascar. 

In  1806  Swartz  (Syn.  Fil.  12  and  196)  jumbled  most  that  had 
been  previously  published  under  the  name  Acrostichum  alcicome, 
citing  Plukenet,  Cavanilles,  and  Schkuhr.  Among  his  **  Inqui- 
rcndae'*  (page  17)  he  placed  the  citation  of  Acrostichum  alcicorne 
Willemet. 

In  1 8 ID  Willdenow,  with  a  modified  description  of  his  own, 
continued  the  same  jumble  of  references  (Sp.  PI.  5  :   1 1 1). 

In  1827  Desvaux  (Mem.  Linn.  Soc.  6:  213)  established  the 
genus  Platycerium  with  the  following  species : 

P.  ALCICORNE  =  Acrostichum  alcicorne  Sw.  in  part. 

P.  Stemmaria  =  Acrostichum  Stemaria  Beauv.  {A,  bifurcatum 

Cav.?). 
P.   ANGUSTATUM  =  A,   olcicome  R.   Br.  Prod.  Fl.  Nov.  HoU. 

145,  not  Sw. 
P.    coronarium  =a  Osmunda    coronaria     Miill.    {Acrostichum 

biforme  Sw.). 

Presl  1836  (Tent.  Pterid.  239-240)  took  up  Platycerium  yn\h 
three  species  : 

P,  alcicorne  Gaud.  [P,  angustatum  Desv.). 

P,  biforme  {P,  coronarium  Desv.,  Acrostichum  biforme  Sw.). 

P.  Stemaria  {Acrostichum  Stemaria  Beauv.). 

In  1 84 1  John  Smith  added  a  fourth  species  (Jour.  Bot  3: 
402)  from  the  Philippines  as  Platycerium  grande  ("  Acrostichum 
grande  A.  Gunn.*'),  which  remained  a  nomen  nudum  until  it  was 
described  in  1845  ^s  Nn^roplatyccros  grandis  Fee,  Mem.  Foug.  2: 
103,  and  in  1852  *  as  Platycerium  grande  Presl,  Epim.  Bot.  154. 

»  [According  to  J.  MUller  (Muell.-Arg. )  in  De  Candolle^s  Prodromus  (ij^:  258. 
1862),  Presl's  Epimeliae  BotanUae^  although  bearing  the  tTt)«-pftge  date  I049,  was 
not  published  until  1852  ;  and  as  negative  evidence,  in  favor  of  MQller's  assertion,  may 
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In  1845  Fee  (Mem.  Foug.  2:  102-104)  took  up  the  genus 
Nevroplatyceros  from  Plukenet  and  recognized  four  species,  viz.: 

N,  alcicorms,  N.  aethiopicus  Pluk.  {Acrostichum  Stemaria 
Beauv.),  N,  grandis  and  N,  biformis.  The  first  three  were  placed 
in  the  §  Platyceria  and  the  last  named  in  the  §  Scutigera.  A 
fine  plate  (//.  64)  was  given  of  the  second  species. 

In  1864  Hooker  (Sp.  Fil.  5 :  282-285)  again  recognized  Maty- 
cerium  with  species  as  follow^ : 

1.  P.  alcicame  Desv.  4.  P.  Wallichii  Hook. 

2.  P.  aethiopicuni  Hook.  5.  P.  biforme  Bl. 

3.  P,  grande  J.  Sm. 

In  this  somewhat  tedious  recital  we  can  see  from  our  present 
viewpoint  that  during  the  first  half  of  the  last  century  there  were 
two  somewhat  common  species,  the  one  from  Australia  with  nar- 
row leaves  which  are  usually  twice  forked  and  bear  the  sporangial 
surfaces  on  the  distal  lobes,  the  other  with  a  broader  leaf  and  usu- 
ally shorter  lobes,  bearing  the  sporangial  surface  at  the  extremity 
of  the  broadened  surface  between  the  lobes.  The  first,  which  is 
the  Platycerium  alcicame  of  recent  authors,  was  first  described  by 
Cavanilles  as  Acrostichum  bifurcatum  (type  locality,  Port  Jackson, 
Australia)  and  again  by  Desvaux  as  Platycerium  angustatum, 
Presl  recognized  this  as  a  distinct  species  but  was  unfortunate  in 
the  selection  of  his  name,  although  he  specifies  that  it  was  the  P, 
alciccrne  of  Gaudichaud  and  not  of  previous  authors.  The  second 
species  is  from  Madagascar  and  other  parts  of  Africa,  where  it  is 
the  more  common  species,  and  was  probably  the  original  Acros- 
tichum  alcicame  Willem.  (type  locality,  Madagascar),  and  was  cer- 
tainly the  Acrastichum  Stemaria  of  Beauvois.  It  is  more  than 
likely  that  a  young  sterile  and  possibly  abnormal  leaf  of  this  spe- 
cies served  for  the  figure  of  Plukenet  which  was  copied  by  Schkuhr 
a  hundred  years  later. 

It  is,  therefore,  evident  that  the  name  alcicarne^  which  Swartz 
and  his  contemporaries  used  to  include  both  plants,  and  which 

be  noted  the  fact  that  Presl's  work  was  reviewed  by  Scblecbtendahl  as  a  novelty  in  the 
Botanische  Zeitung,  in  September  1852  (10:  656,  657),  Internal  evidence  that  the 
final  tooches  were  not  given  to  Presl' s  manuscript  until  after  the  close  of  the  year 
printed  on  his  title-page,  is  to  be  found  in  two  direct  citations,  on  page  261,  of  species 
poblisbed  by  Kunze  in  1850  (BoL  Zeit.  8:  57*  58.  25  Ja  185Q).  Finally,  an 
inspection  of  the  original  paper  cover  of  the  Epimeliae  shows  that  it  is  dated  (on  last 
page)  "Pn^ae,  1851." J.  H.  B.,  Ed.] 
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later  authors  with  more  or  less  precision,  commencing  with  Gau- 
dichaud  and  Presl,  have  used  for  the  Australian  species,  does  not 
belong  with  it,  and  that  only  with  doubt  can  AcrosHchum  alcicome 
Willem.,  in  the  absence  of  its  type,  be  referred  to  any  species 
known  to-day.  The  overwhelming  probability,  however,  points 
to  it  as  being  the  same  as  AcrosHchum  Stemaria  Beauvois. 

With  these  modifications  of  existing  nomenclature  we  proceed 
to  an  enumeration  of  the  species,  of  which  there  appear  to  be 
thirteen  known  at  the  present  time ;  of  these  eight  species  are  in 
cultivation  at  the  Royal  Botanical  Garden  at  Kew,  and  seven  species 
at  the  New  York  Botanical  Garden.  Three  species  we  have  seen 
only  in  herbarium  collections,  and  there  is  only  one  {A,  sutHbaw- 
ense)  which  we  have  not  seen  in  some  form. 

Synopft  In  of  tlie  species  of  Alclcomlain  « 

Sporophyls  broad,  with  no  narrow  strap-like  divisions. 

Sporopbyls  rounded  at  the  apex,  with  entire  or  repand 

margins ;  sporangia!  area  oval ;  basal  leaves  erect  2.  A,  angoleme, 

Sporophyls  more  or  less  lobed  at  the  apex. 

Apex  with  two  rounded  lobes ;   margins  otherwise 

entire ;  sporangial  areas  reniform.  5.  A,  Ellisii, 

Apex  with  irregular  margins  showing  manifest  ten- 
dency to  fork  ;  sporangial  areas  irregular  in  shape 
following  the  outline  of  the   leaf;  basal  leaves 

thick,  with  deep  irregular  pits  when  dry.  8.  A.  madagascarienst* 

Sporophyls  with  narrow  strap-like  lobes,  in  shape  resembling 
a  stag's  bom. 
Sporangial  areas  on  a  stalked  scutiform  disc.  4.  A,  coronarium, 

Sporangial  areas  on  the  surface  of  the  sporophyl. 

Sporangial  areas  at  or  below  the  forks  and  not  on 
the  strap-like  lobes  of  the  leaf. 

*  We  add  here  the  original  description  of  the  only  species  not^een  : 
**  /*.  sumbmvensf  n.  sp.  Christ. 

Inter  P.  alcicome  Desv.  et  P.  Wallichii  Hook,  habitu  intermedium,  sed  omnium 
angustissimum.  Frondibus  fertilibus  pallidis  binis,  temis  sivequinis,  ligulatis  lorifonni- 
bus,  ad  basin  sensim  attenuatis,  65  cm  longis,  parte  latissima  3  cm  latis,  sulcato- 
nervosis,  adpresse  floccosis,  media  circiter  longitudine  dtchotomo-divisis,  atque  iteniin 
bis  dichotomis,  segmentis  ultimis  furcatis  (laciniis  ultimis  usque  ad  20  pro  fronde) 
lanceolato-triangularibus  rostratis,  involutis,  7  ad  6  cm  longis  obtusiusculis,  omnibus 
soriferis,  soris  faciem  inferiorem  usque  ad  basin  laciniaram  omnino  tegentibus,  immature 
pube  densa  albida  obtectis,  mature  rufis  partim  ista  pube  tectis.  Frondibus  sterilibus, 
politis  nitidis  scariosis  fragilibus  spongiosis  ochraceo-fulvis  reniformi-rotundatis  15  *^ 
30  cm  diametro,  margine  laciniatis  laciniis  profundis  furcatis.  Nervis  conspicuis 
areolas  elongatas  angulosas  formantihus,  nervulis  aliquot  lateralibns  liberis  inclusts« 

DiBert  a  P.  alcicorni  lamina  magis  decomposita,  angusta«  segmentis  multo  minon* 
bus,  rostratis.  numerosis.  I  Hffert  a  P.  Wallichii  statura  multo  minore,  omnibus  paiti* 
bus  angustioribus,  et  soris  terminalibus  nee  in  sinu  ramomm  positis.'*  >  Warburg,  Moo- 
sunia  i  :  64.      1 900. 
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Sporangial  area  on  an  enlarged  basal  portion  of 

the  sporopbyl.  6.  A,  grande. 

Sporangial  area  at  the  sinus  of  the  second  fork  of 
the  sporophyl. 
Basal    leaves  laciniate    into    strap-shaped 
lobes ;  sporangial  areas  oval,  on  a  modi- 
fied portion  of  the  sporophyl.  12,  A.  IVallichiL 
Basal  leaves  undulate  or  entire  at  the  mar- 
gins ;  sporangial  area  triangular,  on  the    • 
unmodified  surface  of  the  sporophyl.         9.  A.  Stemaria, 
Sporangial  areas  on  the  narrow  strap-like  lobes  of 
the  sporophyl,  only  exceptionally  extending 
below  the  sinus. 
Sporophyls   rigid,  erect  in  growth,   gradually 
widening   upwards   and    then    forming 
several  lobes  or  divisions. 
Bright-green  both  sides  ;  sporangia- bearing 

divisions  broad  (5-8  cm.).  7.  A,  Hillii, 

White  both  sides  but  becoming  greenish 
above  from  the  deciduous  stellate  scales ; 
sporangia-bearing  divisions  narrow  (2.5 
cm.  or  less  wide).  1 1.  A,  Veitchii, 

Sporophyls  lax,  pendent  in  growth. 

Sporangial  areas  on  or  near  the  apices  of 
the   lobes.      (Species  of   the  Old 
World). 
Basal    leaves    erect    and    foliaceous; 

sporophyls  many  times  forked.  IZ*  •^'  Willinckii, 

Basal  leaves  remaining  flat  and  disc- 
like ;  leaves  2-3  forked.  3.  A,  bifurcaium, 
Sporangial  areas  medial  on  the  sporophyls. 

( Andine  species. )  I.  A,  andinum. 

1.  Aldcornium  andinom  (Baker) 

Platy cerium  andinum  Baker,  Ann.  Bot.  5:  496.  1891  ;  New 
Ferns  113.  1892.     (Type  from  Peru,  Spruce  4.72^,) 

Range  :  Mountains  of  Peru  and  Bolivia,  first  collected  by 
Spruce.  The  only  American  species  known ;  strangely  confused 
by  Hooker  with  A.  bifurcaium, 

2.  Alcicornium  angolense  (Welw.) 

Platycerium  angolense  Welw.;    Hooker  &  Baker,  Syn.    Fil. 

425.  1868.     (Type  from  Angola,  Welwitsch.) 
Platycerium  Elepliantotis  Schweinf  Bot.  Zeitung  29  :  36 x.  fig. 

1878.     (Type  from  central  Africa.) 
Range  :  Tropical  Africa. 


Digitized  by 


Google 


594  Underwood:   The  genus  Alcicornium 

Icon.:  Gard.  Chron.  III.  23:  155./.  62.  1898;  Rev.  Hort 
Beige  38  :  85.  //.     1902  ;  Schweinfurth  loc,  cit, 

Schwcinfurth's  wood  cut  illustration  is  very  misleading  and 
does  not  at  all  compare  with  his  specimens  at  Kew,  which  differ  in 
no  particular  from  A,  angoleiise, 

3.  Alcicornium  bifurcatum  (Cav.) 

Acrostichum  bifurcatum  Cav.  Anal.  Hist.  Nat  i  :   105.     1799. 

(Type  from  Port  Jackson,  Australia.) 
Platyceriutn  angustatum  Desv.  Mem.  Linn.  Soc.  Paris  6:  213. 

1827.    (Type  from  Australia.) 
Acrostichum  alcicarne  R.  Br.  and  in  parte  fninore  of  Swartz  and 

Willdenow.     Not  A,  alcicorne  Willem. 
Platycerium  alcicorne  of  Gaudichaud  and  Presl. 
Range  :  Australia,  Lord  Howe  Island,  New  Caledonia ;  pos- 
sibly extending  to  Africa,  but  exact  data  are  wanting. 

Icon.:  Turpin,  Diet.  Hist.  Nat.  (Atlas) ;  Bot.  Registers:  pi 
262,  263, 

4.  Alcicornium  coronarium  (MuUer) 

Osmunda  coronaria  Miiller,  Naturforscher   3i :    107.  //.  J. 

1785.     (Type  from  Siam.) 
Acrostichum  biforme  Sw.  Jour,  (lir  die  Bot.  (Schrader)  1800*: 

II.     1801. 
Platycerium  coronarium  Desv.  Mem.  Linn.  Soc.  Paris  6:  213. 

1827. 
Platycerium  biforme  Blume,  FI.  Jav.  Fil.  44.  pL  18,     1829. 
Nevroplatyceros  biformis  Fee,  Mem.  Foug.  3:   104.     1844-5* 
Range  :  East  Indies  from  Siam  to  Penang,  Singapore,  Sumatra, 
Borneo  and  the  Philippines. 

Icon.:  Miiller  loc,  cit,\  Blume  loc.  cit,;  Beddome,  Ferns  of 
Brit.  India//.  224, 

5.  Alcicornium  Ellisii  (Baker) 

Platycerium  Ellisii  Baker,  Jour.  Linn.  Soc.  15:  421.     1876. 

(Type  from  Madagascar,  Ellis.) 
Range  :  Known  only  from  central  Madagascar. 
Icon.:  Baker,  Hook.  Ic.  PI.  17:  pi.  16^5. 

6.  Alcicornium  grande  (J.  Sm.) 

Platycerium  grande  J.   Sm.    Jour.    Bot.    (Hooker)  3:   402. 


Digitized  by 


Google 


Underwood:   The  genus  Alcicornium  595 

1 84 1   (nomen  nudum)  \  Presl,    Epim.    Bot   154.      1852.* 
(Type  from  the  Philippines.) 
Nevroplatyceros  grandisYet.lHim.Voug.  2:  103.      1845. 
Range  :  East  Indies  from  Singapore  to  North  Borneo  and  the 
Philippines ;  also  Moreton  Bay,  Australia. 

Icon.  :  Hooker,  Gen.  Fil.  //.  80  B  (as  PL  bifonne) ;  Hooker, 
Fil.  Exot. //.  86;  Beddome,  Ferns  of  Brit.  India  pi,  326  ;  Gard. 
Chron.  III.  28 :  433.  /.  134,. 

7.  Alcicornium  Hillii  (Moore) 

Platy cerium  Hillii  Moore,  Gard.  Chron.  II.  10  :  429.  /.  74-75. 

1878.     (Type  from  Queensland, //i//.) 
Range  :  Known  only  from  Queensland,  Australia. 
Icon.  :  Moore  loc,  cit 

8.  Alcicorniom  madagascariense  (Baker) 

Platycerium  madagascariense  Baker,  Jour.  Linn.  Soc.  15 :  421. 

1876.     (Type  from  Madagascar,  Pool^ 
Range  :  Known  only  from  Madagascar,  the  type  locality. 

9.  Alcicorniom  Stemaria  (Beauv.) 

Neuroplatyceros  aethiopicus,  nervosis  foliis,  cornu  cervinum  refer- 

entibus,     Pluk.  Amal.  Bot.  151.  //.  42^,  /.  2.     1705. 
}  Acrostichum  alcicorne  Willemet,  Usteri  Ann.  6** :  61.     1796. 

(Type  from  Madagascar,  Stadttnann,) 
Acrostichum   Stemaria  Palisot  de  Beauvois,   Fl.  d'Oware  et 

de  Benin  2.  //.  2,    1804.     (Type  from  Madagascar,  Com- 

merson,) 
Platycerium  Stemmaria  Desv.  Mem.  Linn.  Soc.  Paris  6:  213. 

1827. 
Nevroplatyceros  aethiopicus  Fee,  Mem.  Foug.  2  :  103.  pL  64. 

1845. 
Platycerium  aethiopicum  Hook.  Garden  Ferns  //.  p.    1861. 
Acrostichum  alcicorne   of  Swartz   and   Willdenow  pro  parte 

majore. 
Range:  Tropical  Africa  from  Madagascar  to  Fernando  Po, 
and  north  to  Sierra  Leone. 

Icon.  :  Plukenet  loc.  cit, ;  Beauvois  lac,  cit, ;  Fee  lac,  cit, ; 
Hooker,  Garden  Ferns  />/.  g  ;  J.  Sm.  Hist.  Fil.  pi,  5. 

*  See  footnote  on  page  590. 
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10.  Alcicomium  sombawense  (Christ) 

Platycerium   sumbawense    Christ,  in   Warburg,  Monsunia  I : 

64.     1900.     (Type  from  Sumbawa,  Warburg  17266.) 
Range  :  Known  only  from  its  type. 

This  species  is  possibly  not  distinct  from  A,  Williuckii,  so  far 
as  one  can  judge  by  the  description  {q,  v,^  page  592,  note). 

1 1.  Alcicomium  Veitchii  sp.  nov. 

Platycerium  Veitchii  Gdsd,  Chron.  III.  19:  652.  1896;  Jour. 
Roy.  Hort.  Soc.  20  :  Ixxxiii.   1896  {iiomen  nudum). 

Basal  leaves  appressed,  soon  becoming  brownish ;  spore-bearing 
leaves  cespitose  (up  to  1 1  in  the  cluster),  60  cm.  or  more  long, 
narrow  at  the  base,  tapering  gradually  to  a  width  of  5-10  cm.  or 
more,  then  dividing  into  6-8  narrow  pseudopalmate  lobes,  ia-20 
cm.  long  by  2-2.5  cm.  wide,  all  becoming  more  or  less  sporang- 
iferous  in  irregular  areas  ;  upper  surface  grayish-scurfy  from  the 
quantities  of  stellate  hairs  which  soon  become  loosened,  finally 
smoothish  in  irregular  areas  from  these  hairs  becoming  deciduous ; 
under  surface  clear  white  from  the  abundant,  crowded,  silvery, 
star-like  matted  hairs. 

Imported  from  Adelaide,  Australia  with  other  plants  by  Messrs. 
Veitch,  the  horticulturists  for  whom  the  species  is  named,  and 
by  them  publicly  exhibited  in  1896.  Described  from  living  plants 
in  hort.  Kew,  September,  1905. 

A  very  distinct  species  of  rigid  habit  quite  in  contrast  with  the 
other  Australian  members  of  the  genus. 

12.  Alcicomium  Wallichii  (Hook.) 

Platycerium  Wallichii  Hook.  Card.  Chron.  1858  :  764.     1858. 
Range  :  India  (type  from  the  banks  of  the  Irawaddy,  Wallich). 
Icon.  :  Hooker,  Fil.  Exot  //.  p//  Beddome,  Ferns  of  British 
India  pL  108. 

13.  Alcicornium  Willinckii  (Moore) 

Platycerium  Willinckii  Moore,  Card.  Chron.  II.  3 :  302.   /*.  jrf. 

1875. 
Range  :   Java  (type  from  Java,  whence  it  was  introduced  to 
cultivation  by  Willinck  about  1873). 

Icon.  :  Moore  loc,  cit, ;  Garden  10  :  383.  /.  1876. 
Columbia  University. 
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The  Pablioations  of  the  Department  of  Botany,  Co- 
lumbia University f  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.  Small.    A  Monograph  of  the  North  American  Species  of 
the  Genus  Pofy^ortum.     Pp.178.    84  plates.    1895.    Price, 
six  dollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Potcn- 
tilleae.    Pp.  224.     1 12  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
1 1 ,  20.  These  can  be  supplied  at  twenty  five  cents*eadi, 
except  No.  6,  which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1 892-1 894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  which  is 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  50,  52,  54,  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifty  cents, 
and  Nos.  loi,  109,  and  124  which  can  only  be  supplied 
withJfuU  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Five  dollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers, twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175(1 898- 1 901 ).  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200(1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.   No.  201 — (current). 

*  Nos.  157  and  i  c8,  with  the  set  of  eleTen  papers  by  Mr.  Bicknell  on  Sisyrinckium^ 
can  be  had  for  one  cu^r  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M,  Underwood, 

Columbia  University,  Professor  of  Botany. 

New  York  city. 
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The  genus  Stenochlaena 

LuciEN  Marcus  Underwood 

In  no  portion  of  Synopsis  Filicum  does  the  lack  of  coordination 
of  the  work  of  other  authors  manifest  itself  more  strikingly  than  at 
page  412  under  AcrosHchuin  sorbifolium^  where  the  elaborate  work 
of  Fee,  which  had  appeared  twenty-two  years  previously,  is  made 
to  pass  for  naught,  and  his  seventeen  species  of  Lomariopsis  are 
reduced  to  synonymy.  While  the  elder  Hooker  was  writing  the 
Species  Filicum^  of  which  the  Synopsis  is  a  revised  and  abbreviated 
digest,  Kunze  and,  later,  Mettenius,  were  describing  ferns  indepen- 
dently at  Leipzig,  as  was  also  Presl  at  Prague,  and  Fee  at  Stras- 
burg.  The  work  at  each  of  these  centers  appears  to  have  gone 
on  in  practical  independence  and  without  much  comparison  or 
coordination.  Such  species  as  happened  to  come  to  Kew  appear 
to  have  been  reviewed,  and  the  others  were  often  reduced  to  syn- 
onymy with  no  specimen  at  hand.  Some  were  never  mentioned. 
The  visitation  of  other  centers  seems  rarely  if  ever  to  have  been 
practiced.  Presl  had  no  successor  to  his  studies  and  his  still  un- 
mounted fern  collection  exists  to-day  at  Prague,  apparently  never 
visited  by  modern  European  fern  students  or  monographers.  At 
Berlin,  Kuhn  was  the  lineal  successor  of  Mettenius,  as  Foumier  at 
Paris  was  the  successor  of  Fee.  At  Berlin,  in  addition  to  the  col- 
lection of  Willdenow,  most  of  the  types  of  Kaulfuss,  Kunze, 
Klotzsch,  Mettenius  and  Kuhn  may  be  seen,  and  at  Paris  most  of 
those  of  Lamarck,  Bory,  Desvaux,  Fee  and  Fournier  are  at  the 
museum  of  the  Jardin  des  Plantes,  but  neither  Hooker  nor  his 
successors  at  Kew  consulted  them,  and  to  this  present  year  of 
grace,  continental  European  fern  students  have  never  taken  the 
trouble  to  coordinate  them  with  the  Kew  collection,  but  have  con- 
tinued to  work  on  in  the  same  old  independent  ways. 

In  attempting  to  elucidate  the  American  species  of  Stenochlaena ^ 
the  fact  that  Hooker  had  attributed  one  of  our  West  Indian  spe- 
cies to  nearly  all  parts  of  the  tropical  world  *  made  it  necessary  to 

*  **  West  Indies  to  Peru  and  South  Brazil;  Fiji,  Samoa,  New  Caledonia,  Philippines. 
Malaccas,  Cochin  China,  Seychelles,  Mascaren  Isles,  Angola,  Guinea  Coast" — Syn. 
Fil.  412. 
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review  the  entire  genus.  During  the  past  summer,  while  visiting 
the  collections  at  Vienna,  Prague,  Berlin,  Paris  and  Kew,  the  spec- 
imens representing  this  genus  were  examined  comparatively  and 
the  following  revision  is  the  result  of  this  first  synoptical  study  of 
a  genus  based  on  the  materials  of  all  the  great  fern  collections  ot 
the  world.  How  different  the  result  appears  from  that  based  on 
the  study  of  the  material  at  a  single  center  may  be  seen  by  com- 
paring the  present  revision  with  the  treatment  of  the  same  group 
in  Synopsis  Filicum^  where  most  of  the  species  of  other  authors 
are  ruthlessly  reduced  to  synonymy  under  Acrostickum  sarbifolium^ 
originally  from  the  West  Indies.  To  the  twenty-three  Old  World 
species  here  recognized  should  be  added  ten  or  more  which  repre- 
sent the  American  development  of  the  genus  and  which  will  be 
given  a  separate  treatment.  Five  species  appear  in  Synopsis  Fit- 
icum;  of  these  three  reappear  without  change;  three  are  here 
described  as  new,  and  the  remainder  represent  species  either  un- 
known to  the  authors  of  Synopsis  Filicum  or  unfortunately  re- 
duced to  synonymy  by  them. 

The  genus  Stenochlaena  forms  a  rather  natural  group  of  non- 
indusiate  ferns  whose  nearest  relatives  are  to  be  found  in  the 
dimorphous  species  of  Stegania  R.Br.  {Lomaria  Willd.)  as  sug- 
gested in  the  name  (Lomariopsis)  given  to  one  section  of  the  genus 
when  monographed  by  Fee  sixty  years  ago.  In  fact  the  species 
with  narrow  pinnae  in  the  sporophyls  have  often  been  described  in 
the  genus  Lomaria^  as  those  with  wider  pinnae  were  supposed  to 
have  a  corresponding  relation  to  Acrostickum,  At  least  four 
genera  have  been  established  from  among  the  species,  the  name 
Stenochlaena  being  the  oldest  for  any  member  of  the  group.  In 
recent  papers  Dr.  Christ  still  maintains  the  genera  Lomariopsis 
and  Stenochlaena  as  distinct,  but  this  seems  less  rational  than  to 
unite  them  as  sections  of  one  genus.  It  is  true  that  we  have  two 
types  of  venation  represented  in  the  group :  the  first  with  the  lat- 
eral veins  springing  from  the  midrib,  and  the  second  with*  acces- 
sory veins  parallel  and  adjacent  to  the  midrib  with  the  lateral 
veins  springing  from  them.  Pinnae  jointed  to  the  rachis  occur  in 
species  with  both  types  of  venation.  The  species  with  the  second 
type  have  spiny  leaves,  while  those  with  the  first  type  have  a  nor- 
mally cartilaginous  margin  to  the  pinnae.     With  these  slight  dif- 
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ferences,  it  seems  better,  therefore,  to  riecognize  only  a  single 
genus  with  four  fairly  marked  sections  which  may  be  distinguished 
as  follows : 

Synopsis  of  tlie  sections  of  SCenoclilaena 

Lateral  veins  springing  from  a  vein  lying  parallel  to  the  midrib  and  occasionally  con- 
necting with  it ;  margins  of  the  pinnae  spiny. 
Sporophyls  simply  pinnate.  2  BuBteoochlaena. 

Sporophyls  normally  bipinnate.  2  Cafraria  Presl. 

.  Lateral  veins  springing  direct  from  the  midrib ;  pinnae  not  spiny. 
Climbing  stems  spiny,  not  scaly,  naked ;  leaves  trimorphous. 

2  Teratophylliim  Mett 
Climbing  stems  not  spiny,  usually  more  or  less  densely  scaly. 

2  Lomariopsis  Fie. 

The  species  of  the  first  three  sections  are  all  confined  to  the 
tropics  of  the  Old  World.  Those  of  the  section  Lomariopsis  are 
divided  between  the  tropics  of  the  Old  and  New  worlds,  approxi- 
mately in  the  ratio  of  three  to  two. 

§  I.  EUSTENOCHLAENA 

The  genus  Stenochlaena  was  founded  by  John  Smith  in  1841 

and  was  based  on  Acrostic/mm  scandens  *  as  a  type.     The  species 

closely  allied  to  this,  then,  must  constitute  the  section  Eustenoch- 

laenay  notwithstanding  the  fact  that  there  has  been  a  different  use 

for  the  term.f     There  are  three  species  of  this  section,  one  of 

which  has  a  wide  range  and  presents  considerable  variation  from 

its  various  stations.     The  other  two  species  have  quite  a  limited 

range.     They  may  be  easily  separated  by  the  following  synopsis  : 

Pinnae  of  the  sporophyls  narrow,  3  mm.  wide.  3.  5.  palustris. 

Pinnae  of  the  sporophyls  wider,  5-10  mm.  wide. 

Pinnae  3.5-4  cm.  wide,  rounded-obtuse  at  the  base;  pinnae  of  the  sporophyls  nar- 
row, 5  mm.  wide.  2.  S,  Milnei. 
Pinnae  3  cm.  wide,  truncate  at  the  base ;  pinnae  of  the  sporophyls  wider,  10  mm. 
wide.  I.  S.  laurifolia, 

I.    Stenochlaena  laurifolia  Presl,  Epim.  Bot.  164.   1851  (type 

from  Luzon,  Cuming  226), 
Acrostichum    laurifolium    Hook.   Sp.  Fil.  5 :  250.     1864.  —  Syn. 

Fil.  412. 

Range:  Philippine  Islands. 

*  Smith  (Jour.  Bot.  Hook.  3 :  401.  1841)  wrongly  attributes  this  species  to  Lin- 
#naeus.  His  context,  however,  makes  clear  the  species  intended.  Later  he  included 
members  of  other  sections  in  the  genus  (Jour.  Bot.  Hook.  4  :  149.     1841). 

t  DiELS,  Die  natiirlichen  Pilanzenfamilien  x^ :  251.  1899 ;  where  the  KtrmEusten- 
ochlaena  is  used  to  include  also  species  of  Lomariopsis  Fie. 
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2.  Stenochlaena  Milnei  sp.  nov. 

Creeping  stems  unknown ;  leaves  pinnate ;  pinnae  6-7-  (or  more) 
jugate,  rig^d,  coriaceous,  rounded-obtuse  at  base,  nearly  sessile; 
20  cm.  or  more  long,  3-3.5  cm.  wide,  the  margins  thickly  beset 
with  small  spines,  the  apex  long-acuminate;  veins  close,  17-18 
spaces  to  the  centimeter,  simple  or  occasionally  forked  at  or  near 
the  base ;  surfaces  smooth  and  shining ;  sporophyls  pinnate ;  the 
pinnae  about  9-jugate,  25  cm.  or  more  long,  5  mm.  wide,  tapering 
at  the  apex,  inclined  to  be  revolute  when  dry;  rachises  pallid, 
smooth,  rather  stout. 

Solomon  Group  :  Milne  //<?  (type),  K ;  ibid,  590,  K. 

New  Guinea  :  Honkmann,  K  (fragment);  Armit,  K  (sporophyl 
only). 

Admiralty  Islands  :    Moseley  (Challenger  Exped.),  K. 

5.  Milnei  is  represented  at  Kew  by  fragmentary  materials  which 
do  not  show  the  stem  characters ;  it  is,  however,  sufficiently  differ- 
entiated from  the  variable  S.  palusiris,  and  especially  from  5.  lauri- 
folia,  under  which  Hooker  cites  the  type,  to  justify  separation 
even  on  present  materials.  Specimens  have  been  seen  only  at 
Kew. 

3.  Stenochlaena   palustris   (Burm.)     Beddome,  Suppl.  Ferns 

India  26.     1876. 
Polpypodium  palustre  Burm.   Fl.  Ind.   234.     1768.    (Type  from 

Ceylon.) 
Onoclea  scandens  Sw.  Syn.  Fil.   112,  309.     1806.     (Change  of 

Burmann's  specific  name  without  warrant.)* 
Lomaria  scandens  Willd.  Sp.  PI.  5  :  293.      18 10. 
Lomaria  ?  juglandifolia  Presl,  Rel.  Haenk.  i:  52.     1825.     (Type 

from  the  Philippines,  Haenke.)  f 
Lomana?  Haenkeana  Presl,  Rel.  Haenk.  i  :  53.     1825.     (Type 

from  Sorzogon,  Luzon,  Haenke^ 
StenoMaena  scandens  J.  Sm.  Jour.  Bot.  Hook.  3:  401.      1841. 
Stenocfdaena  Blumeana   Presl,   Epim.   Bot.    163.     1851.     (Type 

from  Tranquebar,  Bottler^ 
Stenochlaena  Haenkeana  Presl,  Epim.  Bot.  165.      185 1. 

*  Swartz,  moreover,  has  his  references  to  Burmann  sadly  mixed  and  attributes  the 
species  to  Linnaeus  who  apparently  never  mentioned  it     John  Smith  copied  SwarU'  ^ 
error  in  establishing  the  genus  Stenochlaena, 

t  Like  many  other  plants  in  this  work  Presl  reported  this  originally  from  Mexico 
but  cotrected  it  in  his  herbarium  and  in  his  later  writings. 


Digitized  by 


Google 


Underwood  :   The  genus  Stenochlaena  39 

Acrostichum  scandens  Hook.  Sp.  Fil.  5:  249.      1864. — Syn.  Fil. 

412.     1868. 
Lomariopsis  palustris  Mett.  Ann.  Mus.  Lug.- Bat.  4:  294.     1869. 

Icon.  :  Rheede,  Hort.  Malab.  12  :  //.  35.  1703  ;  Burmann, 
Thes.  Zeyl.  //.  4.6.  1737  ;  Rumphius,  Herb.  Amboin.  6  :  pL  ji. 
1750 ;  Schkuhr,  Crypt.  Gewachse  //.  io6y  107  ;  Hooker  &  Bauer, 
Gen.  Fil.  //.  105  B  ;  Fee,  Mem.  Foug.  5  :  //.  s  A.f.  2  ;  Beddome, 
Ferns  Southern  India  //.  201. 

Range:  India  from  Punjab?,  Sikkim  and  Ceylon,  to  Malacca, 
Java,  Sumatra,  Borneo,  the  Philippines,  to  Queensland,  Fiji,  Samoa, 
and  Tonga  Islands. 

§  2.  CAFRARIA  Presl. 

This  group  was  set  apart  by  Presl  as  a  section  in  1851.*  It 
agrees  with  Eustenochlaena  in  venation  and  in  the  marginal  spines 
of  the  pinnae,  but  differs  in  the  bipinnate  sporophyl,  a  character 
wholly  insufficient  to  separate  it  as  a  genus.  Fee  founded  the 
genus  Lomariobotrys  on  the  same  group  in  1852. 

A  single  species  : 
4.  Stenochlaena  tentiifolia  (Desv.) 
Lomaria  tenuifolia  Desv.  Berl.  Mag.  5  :  326.      181 1.     (Type  from 

Madagascar.) 
Lomaria  Meyeriana  Kunze,  Linnaea  10  :  509.     1836.     (Type  from 

Natal  ?,  "  inter  Omtendo  et  Omsamculo,"  Drege.) 
Stenochlaena  Meyeriana  Presl,  Epim.  Bot.  166.      1851. 
Lomariobotrys  Meyeriana  Fee,  Mem.  Foug.  5  :  46.  //.  5^.      1852. 
Lomariobotrys  tenuifolia  Fee,  Mem.  Foug.  5  :  46.      1852. 
Acrostichum  Meyerianum  Hook.  Garden  Ferns  //.  16,      1862. — 

Sp.  Fil.  5:  250.   1864. 
Acrostichum  tenuifolium  Baker,  Syn.  Fil.  412.      1868. 

Icon.  ;  Hooker,  loc.  cit,  ;  Fee,  toe,  cit. 

Range:  Africa  from  the  Cape  of  Good  Hope  and  Natal  to 
Nossibe,  Madagascar,  Mauritius,  and  the  Comoro  Islands. 

There  are  specimens  in  the  Kew  herbarium  in  which  there  are 
some  simply  pinnate  sporophyls  as  well  as  the  normally  bipinnate 
ones,  said  to  have  grown  on  the  same  plant. 


*Id  publishing  Lomariobotrys^  F^e  adds  the  date  185 1,  citing  Cafraria  Presl, 
Epim.  Bot.  166.  This  seems  to  fix  the  date  of  the  Epim.  Bot.  as  185 1  rather  than  1852 
(cf.  Bull.  Torrey  Club  3a :  590,  note).  This  also  enables  us  to  cite  1852  instead  of 
'*  1850-52**  for  F6e*s  fifth  Memoir. 
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§  3.  TERATOPHYLLUM  Mett.  (in  part). 

In  1 869  Mettenius  established  the  genus  Teratophyllum  based 
on  T,  aculeatum  (Lomaria  actdeata  Bl.)  and  7!  articulatum  [Poly- 
botrya  articulata  J.  Sm.).  The  latter  species  forms  the  type  of 
the  genus  Arthrobotrya  J.  Sm.,  and  appears  to  be  a  valid  genus. 
In  this  group  the  rootstock  is  spiny  and  naked,  the  veins  are  free, 
the  pinnae  are  articulated  to  the  rachis,  and  the  leaves  are  tri- 
morphous.  In  addition  to  the  ordinary  foliage  leaves  which  are 
simply  pinnate  like  those  of  the  other  sections  of  the  genus,  there 
are  accessory  bipinnate  or  even  tripinnate  leaves  which  often  lie  more 
closely  appressed  to  the  surface  over  which  the  plant  climbs.  A 
good  illustration  of  this  feature  may  be  seen  in  Karsten,  Ann.  Bot. 
Jard.  Buitenzorg  12:  pi.  14,  copied  in  Velenovsky's  Vergleichende 
Morphologie  der  Pflanzen  200,  /.  128,  1905.  Such  dissected 
leaves  are  not  unknown  in  other  ferns,  occurring  even  in  some  of 
the  Cyatheaceae, 

There  are  three  species  known  at  present,  all  confined  to  the 
East  Indian  region  both  continental  and  insular.  They  may  be 
distinguished  as  follows : 

Foliage  green  ;  pinnae  1.5-2.5  cm.  wide,  nearly  sessile.  5.  S  aculeata. 

Foliage  pink  or  violet  when  dry  ;  pinnae  I  cm.  or  less  wide. 

Pinnae  obtuse  or  truncate  at  the  base,  short-stalked  ;  sporophylary  pinnae  as  long 

as  the  sterile.  6.  S.  gracilis. 

Rnnae  cuneate  at  the  base,  long-stalked  ;  sporophylary  pinnae  twice  the  length  of 
the  sterile.  7.  5.  IVilliamsii. 

Besides  the  above  there  are  indications  of  a  fourth  species, 
from  Perak,  with  green  foliage,  the  pinnae  stalked  (i-i-S  cm.), 
subcoriaceous,  and  2.5-3  cm.  wide.     Specimens  exist  at  Kew. 
5.  Stenochlaena   aculeata   (Blume)   Kunze,   Bot.    Zeitung  6: 

142.      1848. 
Lomaria  aculeata   Blume,   Enum.   PL   Jav.    205.      1828.     (Type 

from  Java.) 
Lomariopsis  spinescens  Fee,    Mem.  Foug.   2:   71.  pi,  33.  f-  /• 

1844-5.     (Based  on  the  above  with  an  unwarranted  change  of 

of  specific  name.) 
Lomariopsis  ludens  Fee,  Mem.  Foug.  2  :  70.  /.  Jo.  1844-5.    (Type 

from  Singapore,  Gaudichaud?^ 
Davallia  achUlaefolia  Wall.   Cat.   n.    248  ;   Hooker,  Sp.  Fil.  I : 

195-  P^'  5^  ^'      1846.     (Type  from  Penang,  Wallich,) 
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Teratophyllum  aculeatum  Mett.  Ann.  Mus.  Bot.  Lug. -Bat.  4  :  296. 

1869. 
AcrosHchum  aculeatum  Racib.  Pter.  Fl.  Buitenzorg  53.     1898. 

Icon.  :  Fee,  loc,  cit  ;  Hooker,  loc.  cit, ;  Karsten,  Ann.  Jard. 
Bot.  Buitenzorg  12  ://.  14.     1893. 

Range  :  Perak,  Tenasserim,  Java,  Borneo,  and  the  Philippines. 
Usually  appears  in  herbaria  in  a  sterile  condition.  A  var.  inermis 
Mett.,  without  spines  on  the  rootstock,  has  also  been  described 
(Mett.  loc,  cit,  297). 

6.  Stenochlaena  gracilis  (Blume)  Kunze,  Bot.  Zeitung  6 :  142. 

1848. 
Lomaria  gracilis  Blume,  Enum.  PI.  Jav.  205.     1828. 
Acrostichum  gracile  Racib.  Pter.  Fl.  Buitenzorg  53.     1898. 

Range  :  Java. 

7.  Stenochlaena  Williamsii  sp.  nov. 

Stems  pink,  3-8  mm.  thick,  widely  creeping,  densely  rooting 
below,  spiny  above  ;  foliage  leaves  scattered,  about  6  cm.  apart, 
up  to  60  cm.  long,  the  stalks  pink  with  a  slight  tinge  of  brown, 
slightly  fibrillose,  with  a  slight  ridge  and  groove  along  the  upper 
side,  pinnate  ;  the  pinnae  deciduous,  stalked  (5  mm.  or  more), 
lanceolate,  12-15  cm.  long,  1.5  cm.  wide,  cuneate  tapering  at  the 
base,  acuminate  at  the  apex,  the  margin  slightly  repand  or  entire, 
the  surfaces  smooth,  the  midrib  prominent,  reddish,  with  occasional 
fibrils ;  veins  distinct,  close  (about  1 5  spaces  to  i  cm.),  simple  or 
forked  ;  sporophyls  pinnate,  the  pinnae  deciduous,  long-stalked 
(8-10  mm.),  25-28  cm.  long,  1.5-2  mm.  wide,  with  conspicuous 
midrib;  secondary  foliage  leaves  1-2  cm.  long  (or  larger  in  young 
plants),  bipinnatifid,  membranous,  in  growth  appressed  to  the 
substratum. 

Philippines  :  Lamao  River,  Mt.  Mariveles,  Prov.  Bataan, 
Central  Luzon,  alt.  1 20  meters,  Williams  684.  Type  in  the  her- 
barium of  the  New  York  Botanical  Garden. 

Growing  on  trees.  *'  Young  plants  with  finely  dissected 
leaves."  Unfortunately  few  of  the  secondary  foliage  leaves  were 
secured,  so  that  their  exact  relation  to  the  others  is  not  clear  in  the 
type  specimen.  The  species  differs  from  S,  aculeata  in  its  nar- 
row pink  pinnae,  the  color  appearing  in  every  part  of  the  plant 
when  dry.  From  S,  gracilis  it  differs  in  its  cuneate  acute  bases 
of  the  pinnae  and  the  elongate  pinnae  of  the  sporophyls. 
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§4.  LOMARIOPSIS  Fee 
The  numerous  members  of  this  section,  which  were  so  sum- 
marily crowded  into  one  species  by  Hooker,  form  a  natural  group 
in  which  free  veins  rising  directly  from  the  midribs,  scaly  climbing 
rootstocks  rarely  if  ever  armed  with  prickles,  and  pinnae  con- 
tinuous with  the  rachis  form  the  most  obvious  characters.  The 
species  are  widely  distributed  and  have  thereby  become  notably 
diverse  in  the  various  parts  of  the  earth  where  they  now  appear. 
As  a  rule  the  individual  species  have  very  clearly  marked  charac- 
ters combined  with  a  narrow  geographic  range.  It  is  therefore 
somewhat  simpler  to  treat  of  the  great  continental  regions  sepa- 
rately. The  American  species  will  form  the  subject  of  a  separate 
paper.  The  accompanying  figures  of  normal  lateral  pinnae,  drawn 
natural  size,  will  show  something  of  the  diversity  of  leaf-form  in 
the  genus  in  the  Old  World. 

I.  The  species  of  Africa  and  its  islands 
Willemet  (1796)  was  the  first  to  describe  a  species  of  this 
group  from  Africa  under  the  name  of  Osmunda  pollicina.  Later 
species  have  been  separated  by  Bory,  Fee,  Kunze,  Mettenius, 
Kuhn,  and  Baker,  who  have  each  added  a  single  species  to  the 
flora,  and  an  eighth  is  here  published  as  new.  The  species  range 
from  Sierra  Leone  to  Fernando  Po  on  the  west  coast  and  across 
the  continent  to  the  islands  of  Mauritius  and  Madagascar.  Their 
differential  characters  will  become  apparent  in  the  following 
synopsis  : 

Pinnae  truncate  at  base. 

Pinnae  5  cm.  or  less  long,  those  of  the  lowest  third  of  the  leaf  gradually  decreasing 

to  mere  auricles.  1 1.  S,  decrescens. 

Pinnae  15  cm.  long,  only  the  lowest  2-3  pairs  slightly  smaller. 

16.  5.  Mannii. 
Pinnae  cuneate  or  rounded-obtuse  at  the  base,  never  truncate. 
Lateral  pinnae  under  7  cm.  long,  rounded-obtuse  at  the  base. 

Pinnae  pointed  at  the  apex,  7  by  2  cm. ;  pinnae  of  the  sporophyls  7.5  cm.  long 

by  5  mm.  wide.  20.  S,  poUUina. 

Pinnae  rounded  at  the  apex,  suboval. 

Pinnae  of  the  sporophyls  10-12  mm.  long  by  2-3  mm.  wide,  obtuse  at 

the  apices.  9.  S.  buxifolia. 

Pinnae  of  the  sporophyls  3  cm.  long  by  4-5  mm.  wide,  pointed  at  the 
apices.  15.  S.  lomarioidei. 

Lateral  pinnae  10-15  cm.  or  more  long,  cuneate  at  the  base. 
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Some  of  the  species  confused  under  Stenochlaena  sorbifoiia.  Normal  lateral  pinnae, 
natural  size.  I.  S,  Pervillei,  2.  S,  Manttii.  3.  S,  guineensis,  4.  S,  Bracken- 
ridgei,     5.   S.  decrescens.     6.  S,  lomarioides. 
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Pinnae  broadly  elliptic,  3-3.5  cm.  wide,  abruptly  narrowed  to  an  acumintte 

apex.  12.  S.  gmneemis. 

Pinnae  lanceolate,  scarcely  over  2  cm.  wide,  tapering  to  an  acuminate  apex. 
Pinnae  of  the  sporophyls  short-stalked,  2  mm.  or  less  wide. 

19.  S.  PervUIei. 
Pinnae  of  the  sporophyls  long-stalked,  4-6  nmi.  wide. 

23.   S,  variahilii. 

Species  inquirendae 

1.  Specimens  from  Namuli,  Makua  country,  East  Tropical  Af- 
rica, collected  by  Last  (Herb.  Kew.)  have  only  sterile  leaves,  9-10- 
jugate,  but  these  do  not  agree  with  those  of  any  known  species. 
More  information  is  necessary  before  locating  a  ninth  species  from 
Africa. 

2.  Poly  podium  (?)  binerve  Hook.  Sp.  Fil.  4:  176.  //.  ^/jS. 
1862,  is  placed  by  Mr.  Baker  as  "one  of  the  abnormal  conditions 
of  Acrostichum  sorbifoliutn''  (Syn.  Fil.  323).  It  may  represent  a 
good  species  when  its  sporophyls  become  known.  It  has  of 
course  no  relation  to  Poly  podium  other  than  that  it  is  a  fern,  and 
none  to  Stenochlaena  sorbifolia^  but  is  either  a  distinct  species  or 
less  likely  a  juvenile  state  of  some  one  already  known. 

2.  The  SPECIES  of  the  East  Indian  and 
Australian  regions  and  of  the  Pacific  islands 
Of  the  eight  species  belonging  to  this  region,  three  were  de- 
scribed in  Fee's  original  monograph  in  1844,  two  were  described 
by  Carruthers  in  Flora  Vitiensis  and  appear  entirely  to  have 
escaped  the  notice  of  the  Kew  botanists,  and  one  each  was  added 
by  Presl,  Brackenridge,  and  Mettenius.  Most  of  the  species  are 
very  clearly  marked  and  not  one  of  them  approaches  S.  sorbifolia^ 
with  which  all  of  them  have  been  confused.  The  following  syn- 
opsis will  differentiate  the  species  : 

Pinnae  narrow,  1.5  cm.  or  less  wide. 

Pinnae  serrulate ;  veins  stopping  short  of  the  margin ;  pinnae  of  the  sporophyls 

1.5-2  mm.  wide.  13.  S.  hUgelii. 

Pinnae  entire  or  barely  repand  ;  veins  runniDg  into  a  cartilaginous  margin ;  pinnae 
of  the  sporophyls  4-5  mm.  wide.  14.  S,  teptocarpa. 

Pinnae  wider,  2-5  cm. 

Pinnae  of  the  sporophyls  2  mm.  or  less  wide.  8.  S,  Brackenridgei. 

Pinnae  of  the  sporophyls  wider,  4-8  mm.  wide. 

Pinnae  of  the  sporophyls  8-1 5  cm.  long,  short-stalked. 
Foliar  pinnae  2  cm.  wide,  tapering  at  the  apex. 

17.  5.  Novae-Caledomat. 
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Foliar  pinnae  3.5-5  cm.  wide,  abruptly  acuminate  at  the  apex. 

10.  S.  cochinchinensis. 
Pinnae  of  the  sporophyls  20-30  cm.  long,  long-stalked  (2  cm.). 
Pinnae  of  the  sporophyls  gradually  tapering  at  the  apex. 

22.  S.  Smdikii. 
Pinnae  of  the  sporophyls  abruptly  acnannate  at  the  apex. 

Pinnae  tmrrow,  about  2  cm.  wide.  18.  S.  oUandrifolia. 

Pinnae  wider,  3-3.5  cm.  wide,  few-jugate. 

21.  5.  Seemannii, 

The  last  two  species  are  quite  near  to  each  other  in  form  and 
general  appearance  and  may  represent  only  two  phases  of  the  same 
species.  Since  the  meager  materials  represented  in  herbaria  are 
insufficient,  it  is  better  to  keep  them  apart,  as  they  have  already 
been  established,  awaiting  further  collection  in  the  South  seas. 
With  the  strong  possibility  of  distinctness,  this  is  a  more  rational 
proceeding  than  to  unite  them.  This  is  a  far  different  proposition 
from  separating  doubtful  things  in  the  event  of  a  possibility  of 
specific  distinctness.  The  geographic  range  of  the  two  species  is 
practically  the  same,  which  further  decreases  the  probability  of 
specific  distinctness.  As  a  species  or  group  they  are  entirely  dis- 
tinct from  any  other  members  of  the  section. 

Species  excludenda 
Stenochlaena  feegeensis  Brack.  Filices  U.  S.  Expl.  Exped. 
j^.  pi.  II.  f.  /.   1854.    (Type  from  the  Fiji  Islands,  Wilkes  Exped,) 


The  synonymy  and  distribution  of  the  species  of  §  Lomariopsis 
of  the  Old  World  are  given  in  an  alphabetical  series  : 

8.  Stenochlaena  Brackenridgei  (Carruth.)  [Figure  4.] 
Lomariopsis  Brackenridgei  Carruth.  Fl.  Vit.  373.      1871.     (Type 

from  the  Fiji  Islands.) 

Range  :   Known  only  from  its  type  locality. 

9.  Stenochlaena  buxifolia  (Kunze). 

Acrostichum  buxifolium   Kunze,  Die   Farrnkr.    i :     171.//.    J2. 

1845.     (Type  from  Madagascar.) 

Icon.:  Kunze,  lac,  cit. 

Range:  Known  only  from  Madagascar. 

Poly  podium  orbiculatum  Voir.    Encyc.  Meth.  Bot.  5:  525  (type 
locality,  Java)  is  referred  to  this  species  as  a  synonym  by  Kuhn, 
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but  in  the  absence  of  any  type  specimen  and  with  a  widely  differ- 
ent type  locality  it  is  much  safer  to  leave  the  matter  in  abeyance. 

ID.  Stenochlaena  cochinchinensis  (Fee). 

Lomariopsis  cochinchinensis    Fee,    M^m.    Foug.  2:    66.  //.   26, 

1844-5.     (Type  from  Cochin  China,  Herb.  Mus.  Paris*) 

Icon.:  Fee,  loc,  cit. 

Range  :  Cochin  China ;  known  only  from  the  original  collec- 
tion by  Gaudich'aud. 

11.  Stenochlaena  decrescens  (Baker)  [Figure  5.] 
Acrostichum  decrescens  Baker,  Syn.  Fil.  412.     1868.     (Type  from 

the  Cameroons,  West  Tropical  Africa,  Mann  1391.) 
Range  :  Known  only  from  its  type  collection  (Kew). 

1 2.  Stenochlaena  guineensis  (Kuhn)  [Figure  3.] 
Lomariopsis  guineensis  Kuhn,  Fil.  Afr.  53.     1868.     (Type  from 

Fernando  Po,  Mann  139.) 
Acrostichum  guineense  Carruth.  Cat.  Afr.  PI.  Welwitsch  2 :  276. 

1901. 

Foliar  pinnae  10  x  3  cm.;  sporophyllary  pinnae  10  cm.  x  4mm. 

Range:  Fernando  Po,  St.  Thomas,  Congo,  Angola  and 
Sierra  Leone.  Sterile  fragments  from  the  last  named  region  at 
Kew  have  much  larger  pinnae  17x4  cm.,  but  are  not  otherwise 
distinct. 

13.  Stenochlaena  Hiigelii  (Presl)  Fee  in  herb.  Vindob. 

[Figure  9.] 
Lomariopsis  Hugelii  Presl,  Epim.  Bot.  263.     185 1.     (Type  from 

New  Zealand,  Hiigel.) 
Lomariopsis   sorbifolia    var.    resectum   \sic'\   Christ   in    Warburg, 
Monsunia  i:  56.      1900.     (Type  from  Cairns,  North  Queens- 
land, Warburg  19286^ 

This  clearly  marked  species,  which  naturally  has  no  near  re- 
semblance to  5.  sorbifolia  of  the  American  tropics,  was  well  char- 
acterized by  its  author  in  the  corrections  to  the  text  of  Epimeliae 
Botanicae,  and  for  this  reason  has  eluded  discovery  for  a  long  time. 
A  long  manuscript  description  under  a  new  name  by  F.  Mueller 
appears  in  the  Kew  herbarium  with  specimens  from  Rockingham 


*  We  were  unable  to  find  the  type  in  Paris  collected  by  Gaudichaud,  but  there  is 
a  cotype  in  the  herbarium  at  Berlin. 
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Bay,  Queensland.  Warburg's  specimens  represented  at  the  Ber- 
lin herbarium  differ  mainly  in  having  somewhat  shorter  pinnae 
with  their  upper  basal  angle  more  truncate  than  in  Presl's  plant. 
The  venation  and  margins  of  the  pinnae  suggest  Plagiogyria^  but 
there  is  apparently  no  indusium.  It  forms  a  clearly  marked  spe- 
cies from  a  region  inhabited  by  no  other  species  of  this  section. 

14.  Stenochlaena  leptocarpa  (Fee). 

Lomariopsis  leptocarpa  Fee,  Mem.  Foug.  2:  69.  //.  2^,   1844-5. 

(Type  from  the  Philippines,  Cuming  IJ2.) 
Lomaria  spectabilis  Kunze,  Bot.  Zeitung6:  144.     1848.     (Type 

from  Pangarango,  Java,  Zollinger  Jijo.) 
Lomariopsis  spectabilis  Mett.  Fil.  Hort.  Bot.  Lips.  22.     1856. 
Acrostichum  spectabile  Racib.  Pter.  Fl.  Buitenzorg  54.     1898. 

Icon  :  Fee,  loc,  cit. 

Range  :  Java  and  the  Philippines. 

We  have  not  seen  Fee's  own  specimen  of  this  species,  which  is 
now  in  storage  with  the  Cosson  herbarium  at  the  Paris  Museum. 
This  number  of  Cuming  in  the  general  collection  of  the  herb. 
Mus.  Paris,  does  not  agree  with  Fee's  excellent  figure,  but  is 
clearly  S,  Smithii.  Original  specimens  from  Mettenius'  herbarium 
agree  perfectly  with  Fee's  plate,  as  does  Raciborski's  recent  ex- 
cellent description. 

15.  Stenochlaena  lomarioides  (Bory)  [Figure  6]. 
Acrostichum  lomarioides  Bory,  Belang.  Voy.  Bot.  21.    pL  2,     1833. 

(Type  from  He  de  France,  Belanger,) 
Lomariopsis BoryanaYit^yiim,  Foug.  2:  68.     1844-5.    (Specific 
name  changed  from  the  above  without  apparent  warrant.) 
Icon.  :  Bory,  loc.  cit. 
Range  :  Bourbon. 

16.  Stenochlaena  Mannii  sp.  nov.  [Figure  2.] 
Stems  stout,  climbing,  1.5  cm.  or  more  in  diameter,  densely 

covered  with  dark-brown  scales  ;  stipes  scattered,  stout,  20-30 
cm.  long,  densely  covered  with  similar  dark-brown  scales ;  sterile 
leaves  pinnate,  about  19-jugate,  the  pinnae  closely  placed,  up  to 
1 7  cm.  long  by  2  cm.  or  more  wide,  the  lowest  two  or  three  pairs 
slightly  shorter,  the  upper  gradually  reduced  to  3-5  cm.  long,  the 
terminal  similar  but  larger  (8  cm.  long)  ;  pinnae  rounded-truncate 
at  the  base,  gradually  tapering  to  an  acute  point,  margins  undu- 
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Some  of  the  species  confused  under  Stenochlaena  sorbifolia.  Normal  latcnl 
pinnae,  natural  size.  7.  S.  Novae- CaUdoniat.  8.  5".  pollicina.  9.  5.  H&geln.  lo. 
S,  oUandrifolia. 
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late,  midribs  with  occasional  scales  ;  rachis  strongly  margined 
above,  more  or  less  scaly  throughout ;  sporophyls  pinnate,  the 
pinnae  26-jugate,  gradually  diminishing  above  and  below,  the 
longest  (medial)  1 1  cm.  long  by  5-7  mm.  wide  at  the  rounded 
base,  tapering  gradually  to  a  point ;  rachis  similarly  scaly  and 
margined  above. 

Fernando  Po:  5,000  ft.,  i860,  Mann  JS4  (type),  K  (three 
sheets)  ibid.  3,000  ft.  446,  K. 

Cameroons  :  Kalbreyer  188 ^  K  (slightly  smaller  ;  sterile  leaves 
28-jugate)  ;  H.  H,  Johnston  146 ^  K  (still  smaller ;  sterile  leaves 
only,  24-jugate.) 

17.  Stenochlaena  Novae-Caledoniae  (Mett.)  [Figure  7.] 
Lomariopsis  Novae-Caledoniae  Mett.  Ann.  Sci.  Nat.  IV.  15  :  58. 

1 861 .    (Type  from  Poila,  New  Caledonia,  Vieillard  152^.) 
Range:  Known  only  from  its  type  collection.     The  species 

resembles  S,  Pervillei  in  the  form  of  the  pinnae,  but  differs  widely 

in  the  sporophyls. 

18.  Stenochlaena   oleandrifolia  Brack.   Filices  U.    S.  Expl. 
Exped.  75.     1854.     (Type  from  the  Fiji  Islands,  Wilkes,) 

[Figure  10.] 
Range  :  Fiji  Islands  and  New  Hebrides. 

19.  Stenochlaena  Pervillei  (Mett.)  [Figure  i.] 
Lomariopsis    Pervillei  Mett.;  Kuhn,  Fil  Afr.  53.    1868.     (Type 

from  the  Seychelles  Islands,  Perville  g8,) 
Range  :  Known  only  from  the  type  locality. 

20.  Stenochlaena  pollicina  ( Willemet)  [Figure  8] . 
Osmunda  pollicina  Willemet,  Ann.  Bot.   Usteri  6*®:  61.     1796. 

(Type  locality,  Mauritius,  Mt.  PoUex  ?.) 
Lomaria  fraxinea  Willd.  Sp.  PI.  5  :  294.      18 10.     (Type  locality, 

Mauritius,  and  also  cites  Osmunda  pollicina  as  a  synonym !) 
Lomaria  integrifolia  Kaulf.  ;  Sprengel,  Syst.  Veg.  4:  63.   1827. 

(Type  from  Mascarine  Islands.) 

Range  :  Mauritius,  Bourbon,  Madagascar,  Mascarene  Islands. 

21.  Stenochlaena  Seemannii  (Carruth). 

Lomariopsis  Seemannii   Carruth.   Fl.   Vit.   373.      1873.      (Type 
from  the  Fiji  Islands,  B.  Seemann  712), 
Range  :  Fiji  Islands  and  New  Hebrides. 
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22.  Stenochlaena  Smithii  (Fee). 

Lomariopsis  Smithii  Fee,  Mem.  Foug.  2  :  71*  pl^  JJ*  /.  ^  /  pL  jj. 
1844-5.    (Type  from  the  Philippines,  Cuming  14J.) 
Icon  :  F6e,  /oc.  cit 
Range  :  Philippine  Islands. 

23.  Stenochlaena  variabilis  (Willd.). 

Lomaria  variabilis  Willd.  Sp.  PI.  5:   294.     18 10.     (Type  from 

Mauritius.) 
Osmunda    irifrons    Bory,     Voyage    3:    163.      1804.      {Nanten 

nudum^ 
Lofnariopsis  variabilis   Fee,   Mem.    Foug.    2  :    70.  //.  ji.    J2, 

1844-5. 
Lomariopsis    cuspidata    Fee,    Mem.     Foug.    2 :    68.     //.     ^7. 

1844-5.     (Type  from  Mauritius.) 

Icon  :  Fee,  loc,  cit. 

Range  :  Known  only  from  Mauritius. 

We  cannot  separate  Fee's  two  species,  of  which  he  gives  ex- 
cellent plates  ;  the  type  number  of  his  L,  cuspidata  {Sieber  22)  is 
also  cited  under  L,  variabilis  I 

Columbia  University. 
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The  Publications  of  the  Department  of  Botany,  Co- 
lambia  University,  consist  of  Memoirs  in  qa&rto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Species  of 
the  Genus /\7/^^^;/«/;/.     Pp.178.    84  plates.     1895.    Price, 
six  dollars. 

Vol.  II.  Rydberg.  A  Monograph  of  the  North  American  Poten- 
tilleae.     Pp.224.     1 12  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos,  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28, 29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  whichis 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  50.  52,  54,  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1895-1896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897)  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifty  cents, 
and  Nos.  loi,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Fivedollars.  Nos.  133, 136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume ;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901J.  Five  dollars.  Nos.  157  and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
^WQ  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos.  157  and  158,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  Sisyrinckiumt 

can  be  had  for  ODe  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany, 

New  York  city. 
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[From  the  Bulletin  of  thb  Tokrby  Botanical  Club,  33  :  zoi-134.    1906. J 

The  species  of  Lycopodium  of  the  American  tropics 

LuciEN  Marcus  Underwood  and  Francis  Ernest  I.loyd 

In  19CX)  we  published  a  preliminary  list  of  the  West  Indian 
species  of  Lycopodium  in  connection  with  a  revision  of  the  spe- 
cies of  temperate  North  America.*  During  the  few  years  that  have 
since  elapsed,  our  knowledge  of  the  tropical  species  has  been 
greatly  extended,  chiefly  through  the  explorations  that  have  been 
made  in  various  parts  of  the  West  Indies  under  the  direction  of  the 
New  York  Botanical  Garden.  The  expeditions  to  Porto  Rico  by 
Underwood  and  by  Wilson,  to  St.  Kitts  by  Britton  and  Cowell,  to 
Cuba,  by  Britton,  Shafer,  and  Wilson,  and  by  Underwood  and 
Earle,  to  Haiti  by  Nash,  to  Jamaica  by  Underwood  and  by  Maxon 
of  the  United  States  National  Museum,  and  to  Dominica  by  Lloyd 
have  all  brought  back  an  extensive  array  of  material.  This  has 
been  amply  supplemented  by  the  Jenman  collection  purchased  by 
the  Garden  in  1903,  which  is  specially  rich  in  material  from  Ja- 
maica, Grenada,  Martinique,  and  Guiana.  Other  recent  South 
American  material  has  been  supplied  through  the  rich  collections 
of  H.  H.  Smith  in  the  Santa  Marta  region  of  Colombia,  and  of 
R.  S.  Williams  in  the  Andean  region  of  Bolivia.  The  latter  col- 
lection particularly  has  brought  to  light  a  number  of  very  inter- 
esting species.  American  collections  are  still  lacking  in  good 
representative  material  from  Brazil,  and  there  are  occasional  species 
from  other  regions  about  which  additional  light  is  still  greatly  de- 
sired. In  order  to  place  our  present  knowledge  in  an  accessible 
form,  we  present  this  second  preliminary  report  on  the  species  of 
the  West  Indies  and  Mexico,  and  have  included  occasional  species 
from  South  America.  The  West  Indian  forms  are  now  fairly  well 
limited  and  localized,  yet  it  is  not  impossible  or  even  unlikely  that 
still  other  species  will  be  found  in  the  archipelago  when  the  higher 
altitudes  of  the  larger  islands  shall  have  been  explored.  The 
Mexican  and  especially  the  Central  American  species  are  much 
more  obscure,  and  must  await  further  exploration.     The  same  is 

*  Lloyd,  F.  E.  &  Underwood,  L.  M.     A  review  of  the  species  of  Lycopodium 
of  North  America.     Bull.  Torrey  Club  27  :  147-168.     1900. 
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even  more  true  of  South  America,  which  is  likely  to  yield  species 
yet  unknown,  as  well  as  much  more  definite  information  about 
many  that  are  now  only  imperfectly  known. 

All  descriptions  of  structural  characters  are  based  upon  material 
prepared  by  boiling,  and  upon  glycerin-jelly  microscopic  prepara- 
tions, of  which  in  all  instances  camera-lucida  drawings  were  made 
to  a  uniformly  applied  scale. 

The  three  sections  of  the  genus  Lycopodium  that  are  repre- 
sented in  the  American  tropics  may  be  distinguished  as  follows : 

Folimge  leaves  normally  many-ranked,  mostly  oniform. 

Sporangia  in  the  axils  of  unaltered  leaves.  {  I.  Selago. 

Sporangia  aggregated  in  distinct  terminal  strobiles  whose  bracts  differ  widely  from 
the  foliage  leaves.  {  2.   LepidoHs, 

Foliage  leaves  4-5-ranked,  dimorphous  ;  stems  strongly  dorsiventral. 

2  3.  Diphasium. 

%  I.  SELAGO 
The  northern  types  of  this  group  are  familiar  in  the  boreal 
Lycopodium  Selago  and  the  more  common  L,  lucidulum  of  the 
Northern  States.  L,  porophilum  is  a  more  restricted  and  local 
plant  somewhat  intermediate  between  the  other  two  species.  The 
tropical  representatives  are  more  numerous,  a  very  few  simulating 
the  northern  species  in  habit,  while  a  much  greater  number  become 
epiphytic  and  are  pendent  from  trees.  The  species  *  of  meridional 
America  may  be  separated  as  follows : 

Plants  with  radial  symmetry  ;  leaves  not  twisted. 
Plants  terrestrial  in  habit. 

Leaves  short,  I  cm.  or  less  long. 

Plants  erect  or  ascending  ;  leaves  rigid. 

Leaves  in  16-20  ranks ;  stems  short  and  rather  stout 
Leaves  serrulate,  strongly  hodied  at  the  ends. 

5.  L.  densifoUum. 
Leaves  straight,  with  entire  margins.  4.  Z.  SUberianum. 

Leaves  in  8  ranks,  serrulate ;  stems  elongate. 
Leaves  reflex  ed  or  loosely  spreading. 

Leaves  verticillate,  distant,  closely  coiling  when  dry. 

3.   Z.  polycarpum. 
Leaves  scattered,  crowded,  reflexed-spreading ;  sporangia 
1.2  mm.  wide.  1.  Z.  nJUxum, 

*  A  number  of  the  species  from  SouthAmerica  are  omitted  here,  owing  largely  to 
lack  of  sufficient  material.  The  following  members  of  this  group  are  more  or  less  per- 
fectly represented  in  the  herbarium  of  the  New  York  Botanical  Garden  in  addition  to 
the  species  tabulated  below  :  Z.  compaciurri  Hook.,  Z.  rufescens  Hook.,  Z.  erythramm 
Spring,  Z.  tetragonum  Hook.,  Z.  crassum  H.B.K.,  Z.  Hartwegianum  Spring,  Z.  fili- 
forme  Sw. 
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Leaves  rigid,  thick,  ascending;  sporangia  1.8  mm.  wide. 

2.  L,  rigidum. 
Plants  spreading  or  i>endent ;  leaves  lax,  somewhat  secund. 

9.   Z.  porioricense. 
Leaves  longer,  1.5  cm. 

Leaves  linear,  0.6-0.8  mm.  wide.  6.  Z.  montanum. 

Leaves  lanceolate,  i  mm.  wide.  7.  Z.  hippurideum. 

Plants  epiphytic,  pendent  from  trees. 
Leaves  short,  8  mm.  or  less  long. 

Plants  with  slender,  many  times  dichotomous  stems. 
Plants  60  cm.  or  more  long. 

Strobiles  compact ;  sporophyls  short,  triangular. 

10.  Z.  PringM. 
Strobiles  lax ;  sporophyls  slender,  subulate. 

8.  Z.  setaceum. 
Plants  short,  under  20  cm.   long ;  leaves  very  narrow,  scattered, 
widely  spreading.  20.   Z.  WtUiamsii. 

Plants  with  thick  cord-like  stems,  closely  dichotomous. 

Leaves  slender,  flaccid.  17.  L,  funiforme. 

Leaves  broader  at  base,  rigid.  16.  Z.  Ptcardae, 

Leaves  larger,  1-3  cm.  long. 

Stems  red,  robust ;  leaves  2.5  cm.  long,  sharply  reflexed  from  near  the 

base.  1 2.  Z.  pUhymdes. 

Stems  green. 

Leaves  and  sporophyls  4-ranked.  15.   L.  niiens. 

Leaves  and  sporophyls  6-lo-ranked. 

Leaves  rigid,  closely  appressed.  14.  Z.  cuemavacense. 

Leaves  lax,  spreading. 

Leaves  narrow,  less  than  0.5  mm.  wide. 

19.  Z.  Wilioniu 
Leaves  wider,  0.5-1  mm.  wide  ;  midrib  prominent. 

18.   Z.  dichotomum. 
Plants  more  or  less  dorsi ventral  by  the  twisting  of  the  leaves. 
Leaves  sharply  twisted  at  the  base,  usually  narrowed  below. 
Plants  short,  25  cm.  or  less  long. 

Stems  short,  dichotomous  from  near  the  base  ;  leaves  crowded,  short  and 
rigid ;  midribs  prominent. 

13.   Z.  Oritabae, 
Stems  lax  ;  leaves  scattered,  widely  spreading,  broadest  at  the  middle, 
less  than  i  cm.  long  ;  sporophyls  similar.  23.  Z.  tenuicauU. 

Plants  elongate,  35-80  cm.  long ;   leaves  lax,  with  less  conspicuous  midribs, 
long-tapering. 
Leaves  straight  or  slightly  arcuate,  1.5-3  mm.  wide,  with  inconspicuous 

midribs.  21.  Z.  linifolium. 

Leaves  strongly  arcuate,  widely  spreading,  narrow  (i  mm.),  with  con- 
spicuous midribs  ;  sporophyls  short  (8  mm. ),  slender. 

22.  Z.  Jenmani, 
Leaves  twisted  throughout  their  entire  length,  widest  at  base. 

11.  Z.  taxi  folium. 
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1.  Lycopodium  reflexum  Lam.  Encyc.  Meth.  Bot.  3:  653.   1789. 
(Type  from  Martinique,  Martin.) 

Lycopodium  squarrosum  Sw.  Nov.  Gen.  et  Sp.  PI.  137.     1788. — Fl. 

Ind.  Occ.  3:    1571.      1806.     (Type  from  Jamaica,  and  cites 

same  plates  as  Lamarck.)  Not  Z.  squarrosum  Forst.  1786. 
Lycopodium  reflexum  Willd.  Sp.  PI.  5:  52.      18 10.     (Type  from 

**  Amer.    merid.'* ;    apparently   described    independently    by 

Willdenow,  overlooking  Lamarck's  name.) 
Lycopodium  bifidum  H.  &  B.;  Willd.  Sp.  PI.  5 :  53.    1810.   (Type 

from  *'  Amer.  mend.'*) 
Lycopodium   ezursum   Poir.    Encyc.   Meth.    Bot.  Suppl.  3:    556. 

18 1 3.     (Based  on  Z.  reflexum  Willd.  not  Lam.) 
Lycopodium  reifcrsum  Presl,  Rel.  Haenk.   i:  82.      1825.     (Type 

from  Guayaquil.) 

In  the  above  long  synonymy  we  have  a  hint  of  wide  distribu- 
tion and  a  considerable  degree  of  variability,  which  was  aggravated 
by  the  citation  in  Lamarck's  original  description  of  two  plates  that 
did  not  belong  to  the  species,  which  he  described  as  having  re- 
flexed  leaves,  viz.:  Plumier,  Fil.  pi.  166,  f.  A,  and  Dillen,  Hist. 
Muse.  pL,S7tf'  4*  which  were  later  separated  as  a  distinct  species. 

Range:  Cuba  (^Wright  pjj),  Porto  Rico,  Jamaica,  Haiti 
{Nash  ^^7),  Guadeloupe  {Pcrrin),  Mexico,  Guatemala  {J,  D.  Smith 
50-/,  Maxon  j^6o),  Colombia,  Bolivia. 

2.  Lycopodium    rigidum    Gmelin,  Syst   Nat.  ed.   13.  2:    1289. 

1791.  (Founded  on  Dillen,  Hist.  Muse.//.  J7,/.  4.) 
This  figure  of  Dillen  represents  the  rigid  form  of  the  plant, 
which  has  often  passed  as  L.  reflexum.  Dillen's  figure  according 
to  his  own  statement  is  copied  from  Plumier  (Fil.  //.  166,  f.  A.), 
so  that  by  some  L.  rigidum  might  be  regarded  as  a  synonym  of 
L.  reflexum  Lam.* 

*  In  the  whole  matter  of  the  determination  of  types  a  certain  amount  of  plain  ordi- 
nary common  sense  must  be  used.  In  this  instance  we  have  in  the  West  Indies  two 
closely  allied  plants  whose  imperfect  original  descriptions  both  cite  the  same  plates. 
One  plant  has  notably  rcjlcxid  leaves  while  the  other  has  r^d  leaves.  It  was  evi- 
dently this  character  in  each  case  that  suggested  the  names  re/Uxum  and  rigidum. 
I>amarck  clearly  had  the  plant  whose  leaves  are  lax  and  consequently  become  reflexed 
as  they  mature.  His  plant,  collected  in  Martinique  by  Martin,  if  in  existence  will  serve 
as  a  type  of  his  species.  But  he  added  to  his  description,  citations  from  Plumier  aod 
Dillen  drawn  evidently  from  the  species  with  rigid  erect  leaves,  which  Gmelin  later 
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Range:  Jamaica  {Wilson,  Jenmatty  Underwood  i8i),  [Mar- 
tinique?, P/umier].  This  plant  is  apparently  less  common  and 
less  widely  distributed  than  L,  reflexum, 

3.  Lycopodium  polycarpum  (Sod.)  sp.  nov. 

Lycopodium  reflexum  y  polycarpum  Sod.  Crypt.  Vase.  Quitenses 

569.     1893.     (Type  from  Ecuador.) 

A  terrestrial  plant  with  verticillate  distant  leaves  35-40  cm. 
high.  Stem  rather  slender,  1.5  mm.  or  less  thick,  four  times 
dichotomous,  the  ultimate  divisions  elongate ;  leaves  and  sporo- 
phyls  distant,  in  nearly  regular  whorls,  about  8-ranked,  4-5  mm. 
long  by  0.8  mm.  wide,  linear-lanceolate,  acute,  serrulate,  recurved, 
in  drying  bent  back  to  form  a  semicircle;  sporangia  reniform,  1.5 
mm.  wide,  laterally  exceeding  the  sporophyls  in  width. 

Ecuador:   1899,  5^^/V^  (type);  Spruce  4.^7 j. 

We  have  excellent  specimens  from  Father  Sodiro  which  show 
a  relation  to  L,  reflexum  but  are  amply  distinct  as  a  species.  The 
large  sporangia  coupled  with  the  distant  leaves  make  the  former 
unusually  prominent,  a  fact  that  is  recorded  in  the  name.  The 
species  is  apparently  most  closely  related  to  L.  intermedium  Spring, 
of  which  we  have  not  seen  the  type,  but  in  any  case  that  name  is 
antedated  by  L,  intermedium  Blume,  by  a  number  of  years. 

4.  Lycopodium  Sieberianum  Spring,  Monog.  Lycop.  i:  23,  excL 
syn,     1842.     (Type  from  Martinique,  5f>^^r  jd.) 

Spring  apparently  confused  with  specimens  of  a  very  distinct 
species,  various  figures,  some  of  which  had  already  served  as 
types  of  other  species.  On  receiving  a  very  distinct  plant  from 
St.  Kitts  we  had  thought  at  first  to  describe  it  as  new  on  the 
strength  of  these  citations,  but  on  examination  of  Sieber  56  at 
Berlin  the  past  summer  (the  plant  on  which  Spring  based  his 
name  and  in  part  his  description)  we  find  that  our  St.  Kitts  plant 

separated  as  L.  rigidum^  basing  his  description  on  Dillen's  plate  which  was  taken  di- 
rect from  Plumier.  In  the  absence  of  type  specimens  there  are  many  who  would  make 
the  two  names  synonyms,  and  rename  Gmelin's  species.  But  to  one  familiar  with  bothi 
plants  in  the  field  the  names  reflexum  and  rigidum  assume  greater  importance  and? 
significance.  The  liability  of  error  in  interpretation  in  the  purely  ** literary  revision**" 
of  plant  names  without  the  supplemental  knowledge  of  the  plants  themselves,  receives, 
here  a  capital  illustration,  and  all  such  revision  is  to  be  deprecated.  Plain  commorv 
sense  would  suggest  the  continuance  of  the  two  names  accepted  above  as  representing^ 
the  spirit  of  the  founders  of  the  two  species  concerned. 
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agrees  perfectly,  so  that  it  is  necessary  to  retain  Spring's  name 
with  an  emended  application.  We  have  therefore  drawn  up  a 
fresh  description  from  a  recently  collected  plant : 

A  stout  terrestrial  plant  with  2-3  forks,  and  leaves  crowded 
in  about  20  ranks.  Stems  20  cm.  or  more  long ;  leaves  5  mm. 
long  or  more  by  0.8  mm.  wide  at  the  base,  entire,  tapering  to  an 
acute  apex,  spreading,  slightly  ascending,  curved  dorsiventrally 
at  the  base  and  near  the  apex ;  sporangia  reniform,  exceeding 
the  sporophyl  in  width  by  only  a  small  amount. 

Martinique:  Sieber  56  (specimens  in  herb.  Berol.);  Hahn 
126J  (specimens  in  herb.  Kew). 

St.  Kitts  :  Mt.  Misery,  among  ferns,  Britton  &  Cowell  547, 
Only  a  single  plant  was  collected,  but  its  characters  are  so  strik- 
ingly different  from  L.  reflexum  and  Z.  rigidum^  its  nearest  allies, 
that  we  do  not  hesitate  to  take  up  Spring's  name  for  it  as  repre- 
senting a  valid  species.  This  plant  is  no  doubt  included  by  Baker 
in  his  description  of  L.  rigidum,  and  Hahn's  pliant  above  cited  was 
found  under  the  cover  of  L,  rigidum  at  Kew.  We  have  not  seen 
the  plants  from  Peru  and  Chile,  cited  by  Spring,  so  can  give  no 
details  of  its  distribution  further  than  recorded  above.  The  habitat 
of  the  plant  seems  to  be  the  volcanic  craters  of  the  Lesser  Antilles. 
The  exact  locality  of  Sieber's  plant  is  not  recorded.  Hahn's 
plant  came  from  Mont  Pelee  and  the  St.  Kitts  specimen  was  found 
in  the  similar  crater  of  Mt.  Misery.  It  probably  will  be  found  on 
all  the  volcanic  mountains  of  this  group. 

5.  Lycopodium  densifolium  (Baker)  sp.  nov. 

Lycopodium  reflexum  var.  densifolium  Baker,  Handbook  of  Fern 

Allies  II.     1887. 

A  terrestrial  plant  3  5  cm.  or  less  tall,  2-4-dichotomous.  Stems 
stout,  4-6  mm.  or  more  in  diameter  exclusive  of  the  leaves  ;  leaves 
in  about  20  ranks,  crowded,  4-5  mm.  long  by  i  mm.  wide  at  base, 
tapering  from  a  point  one  fourth  the  length  from  the  base  to  the 
acute  mucronate  apex  which  appears  obtuse  from  above  or  below 
owing  to  the  excessive  curvature,  stiff,  spreading  at  right  angles 
to  the  stem,  strongly  curved  upward  (or  nearly  hooked)  at  the 
apex,  thickened  dorsiventrally  throughout  the  curve ;  margins 
with  a  few  (1-5)  short  triangular  multicellular  straight  or  reflexed 
teeth  near  the  base,  and  a  few  others  more  widely  scattered 
throughout  the  length  ;  sporangia  broad,  mostly  confined  to  the 
upper  portions  of  the  stems. 
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Ecuador:  1857-9,  Spruce  5429.  A  unique  species,  with 
rigid  leaves  wholly  unlike  L,  reflexum,  under  which  name  it  was 
distributed.  In  the  Kew  Herbarium  Mr.  Baker  has  marked  this 
number  of  Spruce  as  L.  reflexum  var.  densifolium,  a  conclusion 
no  one  could  have  reached  from  Mr.  Baker's  brief  description  of 
the  plant. 

6.  Lycopodium  montanum  sp.  nov. 

A  terrestrial  shade  plant,  30-40  cm.  high,  with  decumbent 
bases  and  dark-green  foliage.  Stems  2-3  mm.  thick,  once  or 
twice  forked,  the  older  portions  becoming  decumbent  and  ulti- 
mately dying  away  while  the  newer  parts  are  nearly  erect,  the 
whole  stems  often  70-90  cm.  long  with  dark-green  foliage ;  leaves 
1.5  cm.  long  by  0.7-0.8  mm.  wide,  linear,  acuminate,  spreading, 
at  length  reflexed,  downwardly  curved  near  the  tips,  the  midrib 
not  evident  in  the  dry  material  but  distinct  when  moist ;  sporo- 
phyls  like  the  leaves,  the  sporangia  much  exceeding  the  sporo- 
phyls  in  width,  1.5  mm.  broad  and  nearly  as  deep. 

Jamaica  :  Summit  of  Blue  Mountain  Peak  in  deep  shade.  Under- 
wood  2S37  (type),  2542  ;  Nock  (in  herb.  Jenman). 

Near  to  this  species  are  the  closely  allied  specimens  from 
Bolivia  {Mandon  152S)  and  Ecuador  {Sodiro),  which  probably 
belong  to  Z.  Lechleri  Hieron.,  a  species  recently  described.  Z. 
hippurideunt  Christ  is  also  a  closely  allied  species. 

This  plant  was  apparently  first  collected  in  Jamaica  by  Nock 
in  1880  on  the  ridge  of  Blue  Mountain  Peak.  Mr.  Jenman  con- 
fused this  elegent  terrestrial  species  with  the  epiphytic  and 
remotely  related  L,  dichotomum,  and  when  the  latter  species  was 
brought  in  from  Grenada  he  was  inclined  to  regard  it  as  undes- 
cribed,  as  he  had  evidently  not  seen  the  true  L.  dichotomutn  from 
Jamaica,  where  it  appears  to  be  rather  rare.  The  two  species  have 
very  little  in  common  and  this  elegant  plant  is  one  of  the  hand- 
somest of  the  terrestrial  spedes,  growing  in  large  patches  in  the 
shade  of  the  dense  forest  that  covers  the  summits  of  the  Blue 
Mountain  range. 

7.  Lycopodium   hippurideum   Christ,    Prim.   Fl.    Cost.  3^ :    56. 
1 90 1.     (Type  from  Costa  Rica,  Pittier  1061^.) 

Costa  Rica  :  El  Paramo,  3000  m..  Massif  de  Buena  Vista, 
Pittier  io6ig.  Known  only  from  its  type  locality.  There  is  a 
cotype  in  the  United  States  National  Herbarium. 
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8.  Lycopodium  setaceum  Lam.  Encyc.  Meth.  Bot.  3:  653. 
1789.  (Type  from  the  Antilles  and  Bourbon  ;  but  Plumier,  Fil. 
//.  166,  f,  B,  as  well  as  Dillen,  Hist.  Muse.//.  ^6,  /.  j,  is  cited.) 
Not  L.  setaceum  Hamilton,  1825. 

Lycopodium  acerosum  Sw.  (Fl.  Ind.  Occ.  3 :  1575.  1806 ;  type 
from  Bourbon)  may  be  the  same  species,  since  Swartz  cites  the 
same  plates  as  Lamarck  and  states  that  Dillen  also  had  it  from 
the  West  Indies.  Swartz  in  Syn.  Fil.  (1806)  refers  both  Z.  set- 
aceum and  L.  acerosum  to  L,  verticillatum  L.  fil.  (Suppl.  448.  1 781 ; 
type  from  Bourbon),  but  this  is  described  as  having  **foiiis  guadri- 
fariiSy'  which  will  not  apply  to  the  plant  of  the  American  tropics. 
Since  the  time  of  Swartz,  the  American  plant  has  been  referred  to 
L.  verticillatum y  probably  incorrectly  ;  at  least  the  name  L,  setaceum 
is  the  earliest  that  it  is  safe  to  take  up  in  the  absence  of  any 
material  from  Bourbon.* 

Range  :  Cuba  (  Wright  pjj,  Eggers  5173),  Jamaica  {Jenman), 
Martinique  {Pere  Duss),  Haiti  {Nash  664),  Dominica  {Lloyd j 42, 
697,  808,  810), 

9.  Lycopodium  portoricense  sp.  nov. 

A  bushy  but  slender  pale-green  terrestrial  pendent  plant  with 
subsecund  leaves.  Stems  less  than  1.5  mm.  in  diameter,  covered 
to  the  bases  with  leaves,  several  times  dichotomous,  30  cm.  or 
more  long ;  leaves  and  sporophyls  alternating  in  zones,  the  leaves 
linear,  acuminate,  6-8  mm.  long  by  0.3-0.4  mm.  wide,  more  or 
less  secund  ;  sporophyls  tapering  gradually  from  a  base  0.6  mm. 
wide  to  the  apex,  6  mm.  long  ;  sporangia  round-reniform,  1.3  mm. 
wide  by  i  mm.  deep. 

Porto  Rico  :  Road  from  Guyama  to  Cayey,  pendent  on 
banks,  Underwood  &  Griggs  ^j^  (type) ;  Luquillo  Mts.,  Percy 
Wilson  14.1, 

This  species  is  related  rather  closely  to  L,  setaceum,  but  differs 
in  its  longer  Ifeaves,  which  are  truly  linear  and  not  tapering  from 
the  base,  in  its  larger  stems,  and  in  its  terrestrial  habit. 

*  Since  the  time  of  Swartz  it  has  been  quite  common  to  refer  West  Indian  and 
Central  American  pteridophytes  to  species  originally  described  from  Bourbon  { Reunion) 
or  Mauritius.  When  we  come  to  examine  typical  material  (h>m  those  islands  we  invari- 
ably find  it  very  different  from  the  better  known  American  forms  referred  to  the  same 
species.  There  is  every  a  priori  reason  for  supposing  the  two  floras  to  be  very  dis- 
tinct, and  every  new  examination  of  pteridophyte  types  shows  this  supposition  to  be 
true. 
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ID.  Lycopodium  Pringlei  sp.  nov. 

Epiphytic,  pendulous,  of  slender  open  habit ;  stems  40  cm.  or 
more  long,  about  five  times  dichotomous,  appearing  cord-like  from 
the  appressed  leaves;  leaves  subulate,  2.5-3  ^"^-  long»  0.6'  mm. 
wide,  about  6-ranked ;  strobiles  more  or  less  interrupted,  the  shoots 
becoming  variable  in  thickness  because  of  the  large  crowded  spo- 
rangia; sporophyls  triangular,  entire,  1.3  mm.  long  or  less,  0.8 
mm.  wide  at  base,  exceeding  the  sporangia  only  by  their  short 
apices,  appressed  except  when  distended  by  the  ripened  sporangia  ; 
sporangia  nearly  circular,  0.8  mm.  wide  by  0.6  mm.  deep,  some- 
times slightly  protruding  beyond  the  margins  of  the  sporophyls. 

Mexico  :  Hanging  from  oaks,  Sierra  de  Clavellinas,  9000  ft., 
Oaxaca,  Pringle  4^94  (type) ;  Orizaba,  Muller  j6i,  A  plant  col- 
lected at  Morelos,  Rose  4416 ^  is  either  this  or  very  closely  allied. 

The  plant  was  distributed  by  Pringle  as  L,  verticillatum^  but 
does  not  show  close  relationship  to  any  of  the  West  Indian  plants 
bearing  that  name  or  that  have  been  referred  to  that  species.  It 
is  a  much  smaller-stemmed  plant  than  Z.  nitens,  and  has  6-ranked 
instead  of  4-ranked  leaves  and  sporophyls  as  in  that  species. 

11.  Lycopodium  taxifolium  Sw.  Nov.  Gen.  et  Sp.  PI.  138. 
1788. —  Flor.  Ind.  Occ.  3:  1573.  1806.  (Type  from  Ja- 
maica ;  in  the  latter  work  Swartz  also  says  **  etiam  in  insula 
Si.  Helenar) 

While  there  is  very  great  variation  in  the  length  of  the  leaves, 
often  resulting  in  the  appearance  of  much  more  slender  stems,  we 
cannot  distinguish  among  the  specimens  from  the  West  Indies  the 
Lycopodium  passerinoides  H.B.K.  (Nov.  Gen.  i  :  41.  181 5),  the 
type  of  which  was  from  Peru,  and  quite  likely  represents  a  plant 
widely  different  from  the  West  Indian  things  that  in  recent  years 
have  been  referred  to  it. 

Range  :  Cuba,  Hispaniola,  Porto  Rico,  Jamaica,  Dominica, 
St.  Vincent,  Grenada,  Mexico,  Colombia. 

12.  Lycopodium  pithyoides  Schlecht.  &  Chamisso,  Linnaea  5: 
623.     1830.     (Type  from  Jalapa,  Mexico,  Schiede  &  Deppe!) 
Mexico  :  Santa  Maria,  Scftaffner ;  Orizaba,  MUller  6pi. 
Guatemala  :  Se/fr  2j2p. 

Cuba  :  Santiago,  Hamilton  247, 

This  characteristic  species,  long  neglected  or  overlooked  at 
Kew,  is  so  clearly  defined  that  one  wonders  at  the  oversight. 
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The  plant  from  Cuba,  though  a  fragment,  is  unmistakable,  and 
shows  an  unexpected  and  unusual  distribution. 

13.  Lycopodium  Orizabae  sp.  nov. 

A  short  rather  stout  epiphyte  16  cm.  or  more  tall,  with  abun- 
dant lanceolate  leaves.  Stems  2-3  mm.  thick  at  the  base,  more 
slender  above,  3-4  times  dichotomous,  rising  from  dense  clusters 
of  roots;  leaves  1.5-1.8  cm.  long  by  2-2.3  "^"^-  wide,  lanceolate- 
acuminate,  broadest  near  the  base,  thence  abruptly  narrowed  at 
the  base,  asymmetric,  the  midrib  slender  but  evident  almost  to  the 
apex,  the  margins  entire ;  sporophyls  similar  to  the  leaves,  but 
shorter  and  narrower,  i  cm.  long  by  i  mm.  wide,  lanceolate, 
broadest  near  the  middle,  acuminate,  twisted  at  the  base,  slightly 
asymmetric;  sporangia  reniform,  1.8  mm.  wide  by  1.5  mm.  deep. 

Mexico:  Orizaba,  Midler  6go,  Known  only  from  its  type 
collection. 

14.  Lycopodium  cuemayacense  sp.  nov. 

An  elongate  rigid  epiphyte,  with  stiff  appressed  leaves.  Stems 
attaining  60  cm.  or  more  long,  3-4-forked,  the  branches  diverg- 
ing at  a  very  small  angle,  rather  stout,  3-4  mm.  thick  ;  leaves 
crowded,  somewhat  appressed,  rigid,  2  cm.  long  by  2  mm.  wide, 
subulate-acuminate,  broadest  at  the  base,  the  midrib  evident  by  a 
furrow  when  dry,  the  margins  entire ;  sporophyls  similar  to  the 
leaves  but  shorter,  about  i  cm.  long  ;  sporangia  circular,  slightly 
exceeding  the  sporophyls  in  width. 

Mexico  :  Morelos ;  trees  in  mountains  above  Cuernavaca, 
8,500  ft,  Pringle  761J, 

This  species  is  related  to  Z.  taxifolium,  for  which  it  was  dis- 
tributed, but  differs  from  that  species  both  in  habit  and  in  struc- 
tural characters. 

15.  Lycopodium  nitens  Schlecht.  &  Chamisso,  Linnaea  5  :  623. 
1830.     (Type  from  Jalapa,  Mexico,  Schiede  &  Deppe.) 

Of  this  species  we  have  seen  only  an  original  specimen,  a 
sheet  of  which  is  at  Kew.  Its  four-ranked  leaves  and  sporophyls 
render  it  a  striking  plant. 

16.  Lycopodium  Picardae  Christ,  Bot.  Jahrb.  34  :  148.     1898. 
(Type  from  Haiti,  Picarda  p7<?.) 

We  have  a  portion  of  the  original  collection  made  in  1892 
(Picarda  gy8)  whose  label  reads  **  Haiti  prope  Keurcoff  in  cavema, 
alt.  1,200  m.'* 
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17.  Lycopodium  funiforme  Chamisso  ;  Spring,  Monog.  Lycop. 
I  :  50.     1842. 

The  name  was  given  by  Chamisso  to  a  plant  in  herb.  Bory 
which  was  marked  **  California  **;  to  this  Spring  in  publishing  the 
description  added  **  Guadeloupe,  L Herminier  *'  which  should  be 
regarded  as  the  type  locality.  The  plant  is  a  well  known  Antil- 
lean  species  and  the  "  California  ?  **  was  evidently  a  mistake  as  the 
plant  is  apparently  endemic  in  the  West  Indies. 

Range:  Cuba  (Wright  ^4j,  Pollard  &  Palmer  168,  Under- 
wood &  Earle  658,  lojj),  Porto  Rico  (Heller  1084.,  Percy  Wilson 
102),  Guiana  (Jentnan). 

The  living  plant  is  well  named,  as  the  resemblance  to  cordage 
is  very  striking. 

18.  Lycopodium  dichotomum  Jacq.  Hort.  Bot.  Vind.  3:  26.  //. 
45'     ^77^'     (Type  from  Martinique.) 

Range:  Cuba  {Wright  944)^  Hispaniola  (Nash  680),  Jamaica 
(Clute  64),  Dominica  (IJoyd  506,  jg8,  809,  8ig),  St.  Kitts  (Brit- 
ton  &  Cowell  304),  Grenada  (Sherring\  Guadeloupe  (Dr,  Modi- 
ana),  Martinique,  St.  Vincent  (Smith  733),  Mexico  (Schaffner  3, 
Pringle  3976),  Guiana  (Jenman), 

There  is  some  degree  of  variation  present  in  this  species.  We 
were  at  first  inclined  to  separate  the  St.  Kitts  plant  as  distinct  and 
with  it  would  go  the  scrap  from  Guadeloupe  here  cited  from  the 
Torrey  herbarium.  As  noted  above,  Mr.  Jenman  confused  the 
plant  which  we  have  described  as  L,  montanum  with  this  species, 
and  then  in  his  herbarium  referred  the  Grenada  plants  really 
belonging  here  to  a  new  name,  Z.  grenadense  Jenm.  It  is  prob- 
ably more  logical  to  consider  all  the  forms  as  coming  under  a 
single  species. 

19.  Lycopodium  Wilsonii  sp.  nov. 

A  small  epiphyte  with  divergent  forking  branches  and  slender 
leaves.  Stems  8-15  cm.  long,  about  2  mm.  thick,  with  about 
three  forks,  the  branches  divergent;  leaves  linear,  1.5-1.8  cm. 
long  by  0.6  mm.  wide,  very  gradually  tapering  from  the  base  to 
the  acuminate  apex,  symmetrically  or  slightly  curved  ;  sporo- 
phyls  similar  to  the  leaves,  but  smaller,  i  cm.  long  by  0.4  mm. 
wide;  sporangia  round-reniform,  1.5  mm.  wide  by  1.3  mm.  deep, 
exceeding  the  sporophyls  in  width. 
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Porto  Rico  :  Luquillo  Mountains,  Percy  Wilson  271  (type), 

^53- 

This  species  is  perhaps  nearest  to  L,  dickotomum,  varying  in  the 
direction  of  Z.  setaceum^  but  widely  different  from  either  in  habit 
and  structure.  We  dedicate  it  to  its  enthusiastic  collector,  whose 
visit  to  Porto  Rico  was  productive  of  several  novelties  in  the 
genus  Lycopodium, 

20.  Lycopodium  Williamsii  sp.  nov. 

A  small  slender  much-branched  epiphyte  10-15  cm.  long. 
Stems  slender,  pendulous,  less  than  i  mm.  thick,  sparsely  covered 
with  foliage  below,  hidden  by  the  copious  sporangia  above ;  leaves 
scattered,  slightly  curved,  widely  spreading  or  descending,  7-9 
mm.  long  by  0.5  mm.  wide,  Hnear.  .acute,  with  entire  margins; 
sporophyls  shorter,  4-6  mm.  long  by  0.3  mm.  wide,  linear; 
sporangia  round-reniform,  prominent,  relatively  large,  i  mm.  wide 
by  0.8  mm.  deep. 

Bolivia:  New  Brazil,  5,500ft.,  Williams  1393, 
This  beautiful  moss-like  species  was  collected  by  Mr.  R.  S. 
Williams  on  the  Conway  expedition  in  1902,  and  we  are  pleased  to 
recognize  his  discriminating  field-work  which  shows  itself  in  most 
beautifully  prepared  specimens,  a  form  of  work  only  possible  when 
a  trained  botanist  is  sent  to  the  field,  and  is  not  hampered  by  the 
necessity  of  collecting  *•  sets  of  plants  "  for  commercial  or  ex- 
change purposes. 

21.  Lycopodium  linifolium  L.  Sp.  PI.  iioo.  1753.  (Type  from 
'*Amer.  merid.**  based  on  Dillen,  Hist.  Muse.  //.  57,/.  i» 
and  Plumier,  Fil. />/.  166,  f,  C.)  • 

Range  :  Cuba,  Hispaniola  {Nash  ipj  *),  Porto  Rico,  Ja- 
maica, Grenada,  Trinidad,  Mexico,  Guatemala,  Colombia,  Ven- 
ezuela, Guiana,  Bolivia. 

22.  Lycopodium  Jenmani  sp.  nov. 

A  slender  pendent  much-branched  epiphyte  with  attenuate 
branches.     Stems  very  slender,  i  mm.  thick,  much  branched,  with 


*  These  specimens  collected  by  Mr.  Nash  are  simply  superb  developments  of  this 
beautiful  species,  the  multitudinous  branches  of  a  bushy  plant  rising  from  a  single  stem 
all  represented  on  the  sheet,  and  strikingly  in  contrast  with  the  old-fashioned  "tips" 
of  branches  that  constitute  too  many  of  the  herbarium  specimens  of  a  past  generation. 
Such  specimens  as  these  really  give  one  some  idea  of  the  habit  and  true  character  of 
the  living  plant. 
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scattered  leaves  and  contracted  sporophyls ;  leaves  arcuate,  lanceo- 
late, acuminate,  1-1.3  cm.  long  by  1-1.2  mm.  wide,  unsymmetri- 
cal,  the  midrib  nearer  one  margin,  widely  spreading,  distinctly 
curved,  twisted  at  the  base  so  that  the  blade  lies  in  the  plane  of  the 
axis ;  sporophyls  twisted  like  the  leaves,  linear,  much  smaller  at 
the  ends  of  the  branches,  but  ultimately  attaining  the  size  of  the 
smaller  leaves ;  sporangia  reniform,  1.5  mm.  wide  by  i  mm.  deep, 
much  exceeding  the  leaves  in  width  and  thus  appearing  very  con- 
spicuous in  the  mass  of  foliage. 

British  Guiana  :  Moruca  River.  Jenman, 

Mr.  Jenman  had  marked  this  plant  in  his  herbarium  as  a  dis- 
tinct variety  of  Z.  linifolium,  but  the  name  assigned  being  unten- 
able as  a  specific  name  in  the  genus,  we  are  pleased  to  dedicate  it 
to  the  memory  of  this  most  assiduous  of  students  of  the  pterido- 
phytes  of  the  British  colonies  in  America,  whose  collection  and 
critical  notes  and  publications  add  so  much  to  our  exact  knowl- 
edge of  the  tropical  pteridophyte  flora  of  America. 

23.  Lycopodium  tenuicaule  sp.  nov. 

A  lax  slender  epiphyte  with  delicate  scattered  leaves.  Stems 
springing  from  a  small  cluster  of  roots,  20-30  cm.  long,  loosely 
branched,  smooth,  i  mm.  thick,  the  shoots  dorsiventral  by  the 
twisting  of  the  leaves  at  their  bases  ;  leaves  7-9  mm.  long  by  1.5 
mm.  wide,  lanceolate,  broadest  at  the  middle  or  just  above,  acute, 
slightly  unsymmetric,  entire,  twisted  at  the  base  so  as  to  bring  the 
blade  to  the  plane  of  the  axis,  widely  spreading,  scattered,  all 
sporangiate  except  on  the  oldest  part  of  the  stem  ;  midrib  slender, 
scarcely  evident  beyond  the  middle  of  the  leaf:  sporangia  reni- 
form, 1.3  mm.  wide  by  i  mm.  deep. 

Dominica  :  Mt.  Diablotin,  Uoyd  878  (type). 
PoRTO  Rico  :  Luquillo  Mountains,  Percy  Wilson  ijp. 
This  delicate  and  graceful  species  which  has  appeared  from  two 
rather  distant  and  distinct  stations  is  very  unlike  any  other  West 
Indian  species,  forming  a  peculiar  type  with  no  near  congeners. 

§  2.    LEPIDOTIS 

The  tropical  American  species  of  this  section  fall  somewhat 
naturally  into  four  groups  which  are  widely  separated  from  each 
other  in  habit.  We  may  separate  these  groups  synoptically  as 
follows  : 
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Species  epiphytic,  pendent  from  trees  ;  leaves  dorsiventrml.  Phlegmaiia  Gronp. 

Species  of  terresttial  habit. 

Stems  erect,  usually  naked  at  the  base ;  habit  tree-like.  Cemanm  Groap. 

Stems  creeping. 

Stems  wide,  trailing,  with  ascending  branches.  CUTatmn  Gfoop. 

Stems  short,  prostrate,  with  simple  monostachyous  branches. 

Inlifoniie  Gnmp. 

PHLEGMARIA  GROUP 
This  group  with  strongly  dorsiventral  leaves  is  largely  repre- 
sented in  South  America,  but  one  of  the  species  extends  into  the 
West  Indies.     They  may  be  separated  as  follows : 

Leaves  broadly  oval  or  obovate. 

Leaves  small,  3.5   by  2.5  mm.  ;   sporophyls   scarcely 
exceeding  the  sporangia. 
Leaves  narrowed  (cuneate)  at  the  base.  24.  Z.  cuneifolium. 

Leaves  robnded  at  the  base.  25.  Z.  callitrUaefolium 

Leaves  larger,  6-8  by  3-5  mm.  ;  sporophyls  extending 
into  a  point  beyond  the  sporangia. 
Sporophyls  long,  often  attaining  20-40  cm. ;  leaves 

mostly  regular.  26.  Z.  aqualupianum. 

Sporophyls  short,  1-2  cm.;  leaves  obtuse  or  nearly 

so,  irregularly  spreading.  27.  Z.  dUhaeoides, 

Leaves  lanceolate  or  lanceolate-ovate. 

Leaves  2  mm.  or  more  wide ;  sporophyls  extending  be- 
yond the  sporangia  into  a  long  point  29.  Z.  roraimense. 
Leaves  under  2  mm.  wide  ;  sporophyls  shorter  than  the 
sporangia.                                                                          28.  Z.  subulatum. 

24.  Lycopodium  cuneifolium  Hieron.  Bot  Jahrb.  34:  572. 
1905.     (Type  from  Costa  Rica,  Hoffmann  50^ 

Costa  Rica  :  Vulcan  deBarba,  Hoffmann  50  ;  with  no  locality, 
1900,  C,  Werckle,  A  plant  nearly  allied  to  Z.  callitricaefolium  but 
readily  separated  by  its  more  distant  narrowly  obovate  leaves. 

25.  Lycopodium  callitricaefolium  Mett.  Ann.  Sci.  Nat.  V.  3: 
309.      1865.     (Type  from  Bogota,  Colombia,  Triana.) 
Range  :  Ecuador  [Spruce  4792,  Sodiro),  Colombia,  Costa  Rica 

{Warscewicz  12.) 

26.  Lycopodium  aqualupianum  *  Spring,  Monog.  Lycop.  i :  68. 
1842.  (Type  from  Guadeloupe,  L Herininier,  and  Hispaniola, 
Neckour!) 

*  This  name  is  probably  a  misprint  ion  guadalupianum  to  which  form  F6e  changed 
it  in  1866;  Urban  (1903)  writes  it  ^^ guadeloupeanum.^^  We  retain  the  original 
orthography  as  safer. 
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Range:  Cuba  {Wright  pj6,  Eggers  5i65\  Porto  Rico  (Sin- 
tents  IS 46,  Percy  Wilson  ISS)*  [Hispaniola,  Guadeloupe] ,  Bolivia 
{Rusty  458),  The  last  named  plant  is  sterile  but  cannot  be 
separated  by  its  foliage ;  it  is  distinct  from  Mandon  I52g^  which 
is  Z.  subulatum. 

27.  Lycopodium  dichaeoides  Maxon,  Proc.  Biol.  Soc.  Washing- 
ton 18  :  231.  1905.  (Type  from  Guatemala,  Cook  &  Griggs 
2sr.) 

Guatemala  :  Alta  Verapaz,  near  Sepacuite,  Cook  &  Griggs 
251 ;  between  Sepacuite  and  Secanquim,  Maxon  &  Hay  J268, 
Known  only  from  these  two  collections  now  in  the  United  States 
National  Herbarium. 

28.  Lycopodium  subulatum  Desv.  Encyc.  Bot.  Suppl.  3:  544. 
181 3.     (Type  from  "  Amer.  merid.'*) 

Represented  in  typical  form  in  the  herbarium  of  the  New  York 
Botanical  Garden  only  by  sheets  of  Mandon  152^  from  Bolivia. 
There  are  numerous  variations,  some  of  which  have  been  described 
by  Baker.  Among  these  are  two  sheets  from  Ecuador  collected 
by  Sodiro,  which  are  marked  **  var.  pastoense^''  which  differ  from 
each  other  and  must  be  compared  with  Baker's  type  before  they 
can  be  definitely  placed.  They  probably  represent  one  or  more 
distinct  species. 

29.  Lycopodium  roraimense  sp.  nov. 

A  long  slender  pendulous  epiphyte  with  sporophyls  much 
longer  than  the  sporangia.  Stems  over  75  cm.  long,  2-3  forked, 
dorsi ventral  (except  in  the  sporophyllary  region)  by  the  twisting 
of  the  leaves,  the  strobile  elongate  (30  cm.)  and  radially  symmet- 
rical; leaves  lanceolate-ovate,  acute,  8-9  mm.  long  by  2.5  mm. 
wide,  twisted  at  the  base,  entire,  thin,  the  midrib  slender  but  dis- 
tinct; sporophyls  triangular,  small,  1.5-3.5  n^"^-  l^^g  by  1-1.5 
mm.  wide,  extending  beyond  the  sporangia  in  a  point,  the  margins 
entire;  sporangia  conspicuous,  nearly  circular,  exceeding  the 
sporophyls  in  width. 

British  Guiana  :  Forest  slopes  near  Roraima  {herb,  Jenman), 
This  plant  differs  from  Z.  subulatum^  its  nearest  ally,  in  its  wider 
leaves  and  much  longer  sporophyls. 

CERNUUM  GROUP 
The  species  of  this  group  have  a  close  relationship  among 
themselves  and  are  quite   isolated   from   other   related   species. 
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Baker,*  with  characteristic  disregard  of  continental  work,  reduces 
all  the  species  involved,  to  Z.  cernuum^  with  three  varieties,  in 
which  citation  and  synonymy  are  sadly  at  variance  with  accuracy 
and  correctness,  and  all  ideas  of  geographic  distribution  are  left  to 
reckless  abandon. 

In  1 86 1  MuUer,t  with  characteristic  German  positiveness,  set 
aside  a  Javan  plant  as  the  genuine  type  of  Lycopodium  cemuum  L., 
characterized  by  having  (i)  "  Folia  caulina  squarrosa''  in  common 
with  most  other  species  recognized,  and  (2)  **  Amentis  centripetcdi- 
evolutiSy'  a  character  claimed  as  peculiar  to  this  species,  but  one 
difficult  to  follow  in  actual  material.  Further  than  this  he  estab- 
lished five  new  species  all  from  the  Old  World,  besides  recognizing 
Z.  marianum  Willd.  from  the  Philippine  Islands.  The  distribution 
of  his  five  new  species  was  as  follows  : 

Lycopodium  Heeschii  K.  Mull.  (loc.  ciL  164)  —  Sierra  Leone. 
Lycopodium  secundum  K.  Mull.  (loc.  cit,  164) — Cape  Colony,  Natal. 
Lycopodium  sikkimense  K.  Miill.  (loc,  cit,  164)  —  Sikkim  (India). 
Lvcopodium  Moritzii  K.  Miill.  (loc,  cit,  165)  —  Java. 
Lycopodium  Hupeanum  K.  Mull,  (loc,  cit,  165)  —  Borneo. 

In  Miiller's  paper  the  species  of  tropical  America  were  not 
considered,  and  two  earlier  descriptions  from  the  Old  World  were 
apparently  disregarded,  inz : 

Lycopodium  vulcanicum  Blume,  Enum.  PI.  Jav.  2 :  266.  1828. 
(Type  from  Java.) 

Lepidotis  convoluta  Beau  v.  Prodr.  L*Aetheog.  108.  1805. 
(Type  from  '*  Les  deux  Indes.")  Material  in  American  collec- 
tions is  insufficient  to  determine  the  status  of  Miiller's  species,  but 
a  partial  examination  of  European  herbaria  convinces  us  that  some 
of  them  at  least  are  valid. 

Hieronymus  has  recently  %  taken  up  the  name  Lycopodium 
capillaceum  Willd.  for  the  pommon  American  species,  citing 
Spring's  reference  to  Willdenow's  herbarium  note  §  and  stating 
that  Willdenow*s  plant  was  from  **  Nova  Andalu.sia  "  (Venezuela) 
instead  of  **  Ins.   Marianis "  as  stated  by  Spring.     After  seeing 


*  Handbook  of  Fern  Allies  23.     1887. 

t  MOller,  Karl.    Zur  Kenntniss  des  Lycopodium  cemuum  L.    Bol.  Zeitung  19 : 
161-165.     1861. 

X  Plantae  Lehmannianae  etc.     Bot.  Jahrb.  34  :  573.     1905. 
?  Mora  ai^ :  165.     1838. 
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Ceylon  material  (for  we  must  regard  the  Ceylon  plant  as  the  type 
of  Lycopodium  cernuutn)  in  various  European  collections,  com- 
mencing with  that  of  Linnaeus  at  London,  we  are  unable  yet  to 
point  out  differences  other  than  minor  ones  between  the  plants  of 
Ceylon  and  those  of  the  West  Indies.  We  are  compelled  against 
our  tendencies  to  retain  the  name  cernuutn  for  the  common  species 
of  the  American  tropics.  Hieronymus  has  also  separated  two 
additional  South  American  species,  neither  of  which  affect  those 
which  had  been  already  separated  by  us. 

The  four  species  from  America  which  we  have  examined  may 
be  separated  as  follows : 

Leaves  toothed  ;  axes  bristly  ;  strobiles  elongate  (1^5-4  cm.).        31.   Z.  curvatum. 
Leaves  entire  ;  axes  mainly  smooth. 

Strobiles  short  (l  cm.  or  less),  with  deeply  ciliate-lacmiate 

sporophyls ;  branches  slender.  30.  Z.  ceniuum. 

Strobiles  longer  (1.5-2  cm.  or  more);  sporophyls  slightly 
toothed  ;  branches  stout. 
Sterile  branchlets  elongate  (5-10  cm.)  and  pendulous; 

leaves  short  and  abruptly  narrowed.  33.  Z.  pendulinwn. 

Sterile  branchlets  short,  stout,  dichotomously  spreading  ; 

leaves  longer,  giadually  tapering.  32.  Z.  tortum. 

30.  Lycopodium  cernuum  L.  Sp.  PI.  1103.  1753.  (Type  from 
**  Indiis  '*  ;  the  bulk  of  the  citations  commencing  with  Lin- 
naeus' own  Fl.  Zeyl.  and  Dillen  indicate  that  the  East  India 
plant  is  the  one  which  represents  the  plant  as  known  to  Linnaeus 
and  his  predecessors.  Plumier,  Fil.  //.  165  A  is  cited  later 
as  an  example  of  an  American  plant.*) 

Range  :  (In  America  only)  Georgia,  Florida,  Alabama,  Mi.s- 
sissippi,  Cuba,  Hispaniola,  Porto  Rico,  Jamaica,  S.  Thomas,  St. 
Kitts,  Guadeloupe,  St.  Vincent,  Dominica,  Trinidad,  Mexico, 
Panama,  Colombia,  Guiana. 

31.  Lycopodium  curvatum  Sw.  Syn.  Fil.  178,  402.  1806. 
(Type  from  Jamaica. f) 

*  As  noted  above  this  plant  is  the  one  to  be  renamed  in  case  the  American  plant 
is  ever  distinguished  from  that  of  Ceylon. 

fin  publishing  this  species  Swartz  cites  in  synonymy  {loc,  at.  178)  Lycopodium 
arboreum  Gmel.  (a  name  apparently  unpublished)  and  Lepidotis  convoluta  Beauv.,  a 
plant  imperfectly  described  in  Prodr.  L'Aelheog.  108  (1805)  from  **  I^s  deux  Indes." 
Later  {^loc.  cit.  402)  Swartz  in  giving  a  fuller  description  cites  Jamaica  as  the  deHnite 
type  locality.  We  cannot  say  whether  Lepidotis  convoluta  Beauv.  is  distinct  or  not, 
but  Swartz's  type  at  least  is  Jamaican. 
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Jamaica  :  Salt  Hill  (a  mile  off  the  Content  road  from  Gordon- 
town  to  Cinchona),  growing  in  deep  Sphagnum ^  1903,  Underwood 

^57- 

The  above  collection  represents,  so  far  as  known,  the  only  one 

made  in  Jamaica  since  the  time  of  Swartz.     The  fine  material  col- 
lected indicates  a  species  abundantly  distinct  from  that  common  in 
the  vicinity  on  dry  banks. 
32.  Lycopodium  tortum  Sieber,  sp.  nov. 

A  robust  much-branched  terrestrial  plant  with  long  pendent 
strobiles.  Stems  erect  or  ascending,  a  meter  or  more  high,  the 
secondary  branches  spreading,  tnangular  in  outline,  attaining  20 
cm.  broad  by  15  cm.  high,  repeatedly  branched,  the  terminals 
inclined  irregularly  downwards  and  bearing  the  sessile  strobiles ; 
leaves  on  the  older  axes  5  mm.  long  by  0.5  mm.  wide  (on  younger 
axes  as  short  as  3  mm.)  curved  upwards  and  outward,  becoming 
less  curved  and  more  widely  spreading  on  the  older  axes,  the  curve 
commencing  at  about  the  middle,  and  the  leaf  tapering  from  above 
the  middle  to  form  an  acute  apex  ;  margins  entire ;  strobiles  1.5-2 
cm.  long,  3-4  mm.  in  diameter,  cylindric  or  slightly  angulate  at 
the  apex ;  sporophyls  appressed,  widely  spreading,  and  but  little 
curved  when  dry,  2.5  mm.  long  by  i  mm.  wide,  the  margins 
irregular,  with  small  scattered  uneven  teeth. 

Range:  Higher  (volcanic)  summits  of  the  Lesser  Antilles; 
specimens  have  been  examined  as  follows : 

St.  Kitts  :  Mt.  Misery,  Britton  &  Cowell  S5o. 

Guadeloupe:  Mt.  Perrin  {herb,  Torrey)\  1898  {herb,  Jenman), 

Dominica  :  In  old  crater  near  Boiling  Lake,  Laudat,  Lloyd  ji^. 

Martinique:  1897  {herb.  Jenman)\  Sieber^  Fl.  Mixta  J28 
{herb,  Kew), 

St.  Vincent  :  H,  H,  &  G,  W,  Smith  52, 

This  species  was  long  ago  issued  by  Sieber  under  the  above 
name,  which  in  deference  to  him  we  have  here  taken  up  for  the 
coarse  plant  of  striking  habit  concerning  whose  distribution  we 
have  now  quite  definite  information.  In  St.  Kitts  the  species  is 
locally  known  as  **  Stag  Horn.'*  This  plant  has  been  confused 
with  L,  curifatum  Sw.,  the  type  locality  of  which  (Jamaica)  is  quite 
outside  the  range  of  the  peculiar  species  of  the  volcanic  islands. 

A  second  species  allied  to  the  last  was  collected  in  1902  by 
Percy  Wilson  in  the  Luquillo  Mountains,  Porto  Rico  {no,  ioi\ 
but  the  specimens  are  unfortunately  in  the  vegetative  condition 
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only ;  it  differs  from  this  species  in  its  much  smaller  size  and  in  its 
strongly  incurved  leaves  which  are  hairy  on  the  lower  surface  near 
the  base  and  often  toothed.     Mature  strobiles  are  a  desideratum. 

33.  Lycopodium   pendulinum  Hook  Ic.  PI.  i:  pL  go.     1837.* 
(Type  from  Casapi,  Peru,  Mathews  1776,) 

Range:  [Peru];  Cargadira,  Bolivia,  8000  ft.,  Williams  1386. 
Mr.  Williams'  specimens  show  a  unique  plant,  widely  distinct  in 
habit  from  any  others  of  the  group. 

CUYATUM  GROUP 
It  is  a  difficult  problem  to  distinguish  many  of  the  species  of 
this  group,  a  large  proportion  of  which  Baker  reduces  to  the  single 
species  Z.  clavatum^  whose  distribution  is  curiously  given  as 
"  Arctic  and  alpine  zones  of  both  hemispheres,  also  mountains  of 
tropical  Asia,  Africa  and  America,  Cape,  Mascaren  \sic\  Isles  and 
Polynesia.'*  In  Jamaica  a  form  occurs  from  5000  ft.  upwards  to 
the  very  summit  of  the  Blue  Mountains  which  at  present  we  are 
not  able  to  separate  on  structural  grounds  from  our  common 
northern  species,t  although  it  differs  toto  coelo  in  habit.  In  place 
of  our  unobtrusive  close-creeping  plant,  the  Jamaican  form  is 
rampant  in  great  masses  over  the  paths  about  the  Cinchona  plan- 
tation, forming  a  weed,  and  sprawling  over  low  shrubs  in  the 
greatest  profusion.  Material  from  the  whole  world  will  be  needed 
to  elucidate  the  relations  of  the  species  involved  in  this  polymorphic 
tangle.  Besides  abundant  material  from  Jamaica  we  have  imperfect 
collections  from  Mexico,  Guatemala,  Colombia,  Guiana,  Brazil, 
Ecuador  and  Bolivia,  but  insufficient  for  monographic  purposes. 
For  these  reasons  we  prefer  to  leave  the  Jamaican  plants  for  the 
present  under 

34.  Lycopodium  clavatum  L.  Sp.  PI.  11 01.  1753.     (Type  from 
Europe). 

Range  :  Europe  and  North  America  from  the  Arctic  zone  as  far 
as  Pennsylvania  ;  also  (provisionally)  Jamaica  above  5000  ft.,  and 
possibly  Mexico  and  Guatemala. 

*Z.  EichUri  Fie,  Crypt.  Vase.  Bres.  pi.  lod.f,  4,  cited  by  Baker  as  a  synonym, 
is  apparently  distinct  if  Fie's  plate  is  to  be  relied  on,  and  his  plates  are  usually 
extremely  reliable.     Mr.  Baker  further  cites  this  species  incorrectly  as  L,  pendulum. 

t  With  a  distribution  scattered  well  over  the  Northeastern  States  extending  as  far 
west  as  Washington  State  and  Southward  to  Pennsylvania,  this  species  is  far  from  being 
either  *< arctic  or  alpine"  in  America,  although  it  does  attain  both  these  regions  in  this 
country  as  in  Europe. 
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lULIFORME  GROUP 
35.  Lycopoditiin  iuliforme  sp.  nov. 

A  low  plant  with  short  close-creeping  stems  and  rigid  upright 
monostachyous  branches.  Creeping  stems  6-10  cm.  long  or 
more,  with  numerous  roots  throughout;  leaves  in  10  or  more 
ranks,  those  of  the  lower  surface  pale,  narrow,  and  somewhat  lax, 
2—2.5  ^^'  ^^^^f  triangular-subulate  from  a  wider  base,  those  of 
the  lateral  surfaces  ascending,  twisted,  3-5  mm.  long,  somewhat 
rigid,  ending  in  a  firm  acuminate  point ;  erect  branches  terminal, 
or  becoming  apparently  lateral  from  the  innovating  branches  of 
the  prostrate  stems,  9-12  cm.  high,  leafy  throughout,  the  leaves 
mostly  8-ranked,  rather  rigid,  slightly  spreading,  4-5  mm.  long, 
lanceolate-acuminate;  strobiles  3-3.5  cm.  long,  slightly  thicker 
than  the  stems  ;  sporophyls  8-ranked.  lanceolate  above  from  a 
broad  base,  the  rigid  apices  wide-spreading ;  sporangia  reniform, 
1.5  mm.  wide,  entirely  concealed  by  the  broad  base  of  the 
sporophyls. 

Guiana:  Summit  of  Roraima,  8,600  ft,  McConnell  &  Qudch 
S72,     (Type  at  the  New  York  Botanical  Garden.) 

A  unique  species  forming  a  series  of  its  own,  intermediate  in  a 
way  between  the  Inundatum  group  and  the  Carolinianum  group. 
It  was  reported  upon  by  C.  H.  Wright  (Trans.  Linn.  Soc.  II.  6: 
Zj,  1901)  as  L,  contiguum  Kl.,  with  which  it  has  only  a  remote 
alliance.  L.  contiguum  has  membranous-tipped  leaves  and  spor- 
ophyls, the  latter  soft,  lax,  and  wide  spreading,  and  with  con- 
spicuously erose  margins. 

§  3.    DIPHASIUM 

The  members  of  the  section  Diphasium,  which  forms  a  physio- 
logical rather  than  a  structural  alliance,  will  group  themselves 
somewhat  naturally  as  follows  : 

Vertical  steins  simple ;  foliage  shoots  prostrate,  creeping,  the  leaves  of  the  two  under 
rows  larger  and  appearing  lateral.  Carol iDianum  Group. 

Vertical  stems  much  branched. 

Terminal  foliage  shoots  with  4  rows  of  dimorphous  leaves ;  upper  surface  with  one 
row  of  leaves.  CompUDatum  Group. 

Terminal  foliage  shoots  with  5  (or  6)  rows  of  leaves,  the  upper  surface  with  three 
rows  of  reduced  leaves.  Scariosom  Group. 

CAROLINIANUM  GROUP 
The  species  of  this  group  were   referred   by  Baker  to  our 
familiar  L,  carolinianum  of  the  Southern  States,  but  will  readily 
separate  themselves  into  at  least  three  species  as  follows : 
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Sporophyls  serrulate;  under  leaves  triangular,  nearly  as  broad  at  base  as  long;  sporangia 

round-renate.  36.  Z.  goyazense. 

Sporophyls  entire. 

Sporangia  depressed-renate  ;  under  leaves  ovate,  acute.  37.  Z.  meridionalt. 

Sporangia  round-renate ;  under  leaves  lanceolate.  Z.  carolinianum, 

36.  Lycopodium  goyazense  sp.  nov. 

A  small  creeping  plant  with  stout  erect  branches  bearing  large 
strobiles.  Creeping  stems  6  cm.  or  more  long,  notably  dorsiven- 
tral,  producing  occasional  short  branches ;  leaves  strongly  dimor- 
phic, those  of  the  two  under  rows  appearing  lateral,  triangular, 
symmetric,  2  mm.  wide  at  the  base,  not  contracted,  2.5  mm.  long, 
acute,  entire,  thick,  somewhat  imbricated  ;  those  of  the  three  upper 
rows  small,  triangular,  twice  as  long  as  broad  or  more,  stiff,  remote 
from  each  other  and  thus  exposing  the  broad  upper  surface  of  the 
stem  ;  erect  branches  (peduncles)  7-9  cm.  long,  1.5  mm.  thick, 
with  triangular  scale-like  leaves  which  are  4  mm.  long  by  1.5  mm. 
wide  at  base  and  serrulate ;  strobiles  3-4  cm.  long,  stout ;  sporo- 
phyls larger  than  the  lateral  leaves,  2.5  mm.  wide  by  5  mm.  long, 
ovate,  acuminate,  not  contracted  above  the  middle  ;  margins  serru- 
late throughout. 

Brazil  :  Goyaz,  Glaziou  2264.4. ;  also  less  perfect  specimens 
from  Minas  Geraes,  Claussen, 

37.  Lycopodium  meridionale  sp.  nov. 

A  small  close-creeping,  sparingly  branched  plant  with  solitary 
upright  strobilary  branches.  Creeping  stems  up  to  40  cm.  or  more 
long,  1-1.5  mm.  thick,  with  occasional  short  (2-4  cm.)  lateral 
branches  ;  leaves  strongly  dimorphic,  those  of  the  two  under  rows 
appearing  lateral,  5  mm.  long  by  2  mm.  wide,  ovate,  acuminate, 
falcate,  the  midrib  curved  asymmetrically  and  parallel  to  the  proxi- 
mal leaf-margin  ;  leaves  of  the  upper  four  rows  subulate,  spread- 
ing, 3.5  mm.  long  by  i  mm.  wide;  upright  branches  (peduncles) 
8-26  cm.  long,  oftener  rising  from  the  short  prostrate  branches, 
with  whorls  of  subulate  spreading  scale-like  leaves  with  parallel 
margins  or  slightly  contracted  below  the  middle,  entire  or  slightly 
erose  near  the  base  ;  strobiles  2.5-8  cm.  long  ;  sporophyls  2  mm. 
wide  by  4  mm.  long,  triangular,  contracted  at  the  middle  and 
subulate  above,  spreading,  the  margins  entire  above,  erose  below 
the  middle,  those  of  the  same  level  not  contiguous. 

Range  :  Probably  widely  distributed  through  the  tropics  of 
meridional  America.     Specimens  have  been  examined  as  follows  : 

PoRTO  Rico  :  Dry  savannahs,  Luquillo  Mountains,  Percy  Wil- 
son g4  (type)  (two  sheets) ;  Sintenis  iS44- 

Cuba  :   Wright  18 ig. 
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Dominica  :  Laudat,  high  wet  turf,  Boiling  Lake,  Lloyd  ji 6, 

Guiana  :  Wet  ground,  Essequibo,  Jenman  (two  sheets). 

Brazil  :  San  Carlos  and  Rio  Negro,  Spruce  joj^  ;  Moritiba, 
Blanchet  J470, 

(Lycopodium  carolinianum  L.,  ranging  from  New  Jersey  to 
Texas,  is  not  found  outside  of  the  Southern  States,  and  is  intro- 
duced in  the  above  synopsis  for  comparison  only.) 

GOMPUNATUM  GROUP 

The  only  member  of  this  group  in  the  West  Indies  we  de 
scribed  from  herbarium  material  before  having  seen  the  plant  in 
the  field.  Like  L.  clavatum  of  another  group,  L.  Fawcettu  forms 
a  weed  in  the  paths  of  the  Cinchona  plantation  and  grows  luxuri- 
antly, ascending  over  bushes  and  low  shrubbery  in  a  sprawling 
fashion  and  is  thus  quite  in  contrast  with  its  more  modest  congeners 
of  the  Northern  States.  The  status  of  L.  thyoides  H.B.K.  of 
South  America  still  remains  to  be  determined.  Our  single  West 
Indian  species  is 
38.  Lycopodium  Fawcettu  Lloyd  &  Underw.  Bull.  Torrey  Club 

27:167.     1900.     (Type  from  Jamaica.) 

This  species  is  common  in  Jamaica  from  5000  feet  altitude  to 
the  extreme  summit  of  the  Blue  Mountains.  It  has  also  been 
found  in  Hispaniola  (  Wright^  Parry  &  Brummel  jj  ;  Picarda  j6j ; 
Eggers  22  yo), 

8GARI08UM  GROUP 

The  members  of  this  group  are  mostly  from  tropical  or  south 
temperate  regions.  Lycopodium  scariosum,  with  which  Baker  has 
confused  the  American  species,  is  from  New  Zealand,  and  there 
are  other  Old  World  species.  The  American  species  are  mostly 
South  American,  only  a  single  species  reaching  Jamaica  in  the 
West  Indies.  The  American  species  may  be  separated  as 
follows  : 

Lateral  leaves  of  the  dorsiveotral  branches  directed  upwards,  straight,  rigid,  tapering 

from  the  base,  not  sharply  pointed  nor  crowded.  39.  Z.   Gayanum, 
Lateral  leaves  of  the  dorsiventral  branches  curved  downwards. 

Leaves  ascending,  cuspidate,  strongly  revolute.  42.  L.   HolUmi, 
Leaves  spreading,  slightly  curved. 

Lateral  leaves  broad  near  the  apex,  obtuse.    '  40.  Z.  lindsaeaentm. 

Lateral  leaves  broadest  at  the  decurrent  base.  41.  Z.  Jussiaeu 
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39.  Lycopodium  Gayanum   Remy  *  ;   Gay,  Hist.  Chile  Bot.  6 : 
545.     1853.     (Type  from  Chile,  Gay,). 

A  single  specimen  in  the  Meissner  (Columbia)  herbarium  from 
Valdivia,  Chile,  no.  208  of  "Bridges  or  Cuming?*'  represents  this 
species  in  our  collections  as  described,  and  shows  characters 
warranting  us  in  maintaining  it. 

40.  Lycopodium  lindsaeaceum  Spring,  Flora  21  :    180.     1838. 
(Type  from  Peru.) 

This  species  was  united  by  Baker  with  the  New  Zealand  L. 
scariosum,  which  naturally  has  little  to  do  with  the  new  world  rep- 
resentatives of  the  group.  The  species  is  represented  in  the  her- 
barium of  the  New  York  Botanical  Garden  by  a  single  specimen 
collected  by  Rusby  in  Bolivia,  and  by  several  more  recently 
brought  from  the  same  country  by  Williams. 

41.  Lycopodium   Jussiaei    Desv.    Encyc.    Bot.  Suppl.   3:   543. 
1 8 1 3.     (Type  from  Peru. ) 

We  have  specimens  of  this  species  collected  by  Spruce  and 
Sodiro  in  Ecuador  and  were  inclined  for  a  time  to  separate 
Jamaica  specimens  collected  by  Purdie  and  by  Jenman  and  more 
recently  by  Underwood  and  by  Maxon.  Jamaica  material  shows 
a  marked  differentiation  in  texture,  the  leaves  being  thinner,  more 
distant,  acute  rather  than  mucronate,  and  inequilateral,  i.  e.,  with 
the  midrib  nearer  the  anterior  leaf-margin.  In  Jamaica  the  species 
is  rare,  growing  at  altitudes  above  5000  feet.  Baker  (loc.  at.) 
reduced  the  species  to  a  variety  of  L.  scariosum  of  the  Old  World. 

42.  Lycopodium  Holtoni  sp.  nov. 

Main  stems  creeping,  sending  up  lateral  shoots  25  cm.  or 
more  tall,  with  foliage  shoots  ending  in  bifid  peduncles ;  lateral 
(upper)  leaves  of  the  dorsivental  ascending  branches  crowded  and 
imbricate,  ascending,  the  lateral  free  margin  revolute  (so  that  the 
leaf  appears  strongly  twisted  in  the  dry  condition),  the  upper  sur- 
face arched,  thick,  coriaceous,  cuspidate ;  ascending  shoots  3-8 
mm.  wide,  varying  in  diameter  throughout  the  length ;  leaves  of 
the  under  three  rows  4-5  mm.  long,  1.5  mm.  wide  at  the  base, 
awl-shaped,  thin,  scarious-margined  and  often  slightly  lacerate, 
the  apices  scarious  or  hair-like ;  strobiles  5-6  cm.  long,  5  mm. 

*  This  species  is  usually  referred  to  Remy  and  it  is  not  likely  that  Gay  would 
name  a  species  after  himself,  but  we  have  failed  to  Bnd  in  this  volume  any  evidence 
that  Remy  described  this  species. 
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thick,  appearing  ridged  by  the  somewhat  carinate  sporophyls  ; 
sporophyls  ovate,  acuminate  with  a  scarious  lacerate  tip  and  a 
narrow  (i  mm.)  claw.  5  mm.  long,  by  2.5  mm.  wide,  the  margin 
slightly  erose ;  sporangia  depressed-triangular,  3  mm.  broad  by 
1.75  mm.  deep,  folded  and  irregular,  sessile. 

Colombia:  In  montibus  juxta  Bogotam,  7  Oct.  1852,  /.  F, 
Holton  7p.* 

Unless  otherwise  noted  all  the  above  citations  of  specimens  are 
from  the  combined  herbaria  of  Columbia  University  and  the  New 
York  Botanical  Garden,  now  forming  a  single  collection. 

Columbia  University. 


*The  extensive  collection  of  Isaac  F.  Holton  was  one  of  the  first  made  in  Colom- 
bia and  has  never  been  studied  ;  a  full  set  of  the  collections  is  in  the  Torrey  herbarium  ; 
Holton  went  out  from  Middlebury  College  on  a  twenty  months'  trip  through  Colombia. 
He  afterwards  published  an  account  of  his  travels  which  bears  the  following  title  :  New 
Granada  :  twenty  months  in  the  Andes.  New  Yotk,  1857.  A  copy  has  recently  been 
added  to  the  library  of  the  New  York  Botanical  Garden. 
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The  Publications  of  the  Department  of  Botany,  Co- 
lambia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Species  of 

t\\G  Gtnus  Polygojtum.     Pp.178.    84  plates.     1895.     Price, 

six  dollars. 
Vol.  II.   Rydberg.    A  Monograph  of  the  North  American  Poten- 

tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1 886- 1 892).  Out  of  print,  except  Nos.  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1 892-1 894).  Nos.  26,  28,  29,  32,  33.  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  ?\v^  cents  each,  except  No.  35,  whichis 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1 894-1 895).  Nos.  so.  52,  54.  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1 895-1 896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897)  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  119  which  is  fifty  cents, 
and  Nos.  loi.  109.  and  124  which  can  only  be  supplied 
with  full  volimes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Fivedollars.  Nos.  133,  136, 
146.  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175(1898-1901).  Fivedollars.  Nos.  157  and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vol.  IX.    No.  201 — (current). 

*  Nos   157  and  158,  with  the  set  of  ele/en  papers  by  Mr.  Bicknell  on  Sisyrinchium^ 

can  be  had  for  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany. 

New  York  city. 
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[From  the  Bulletin  of  the  Torrey  Botanical  Club,  33 :  183-188.    1906.J 


The  genus  Vernonia  in  the  Bahamas 

Henry  Allan  Gleason 

In  the  recent  Bahamian  collections  made  for  the  New  York 
Botanical  Garden  is  abundant  material  representing  the  genus 
Vernoma  and  including  some  interesting  new  forms.  Dr.  N.  L. 
Britton  has  referred  them  to  me  for  study  and  has  also  given 
numerous  valuable  suggestions  concerning  their  specific  char- 
acters. The  specimens  cited  are  all  in  the  herbarium  of  the  New 
York  Botanical  Garden. 

In  1864  Grisebach,  in  the  Flora  of  the  British  West  Indies, 
described  a  species  of  Vernonia  from  the  Bahamas  as  V.  baha- 
metisis.  Since  then  numerous  collections  have  been  made  and  the 
species  has  been  mentioned  frequently  in  literature  pertaining  to 
the  islands.  It  is,  however,  an  aggregate,  and  three  related  but 
distinct  species  are  represented  in  recent  collections.  In  addition 
a  second  type,  represented  by  a  fourth  species  belonging  to  a 
widely  different  section  of  the  genus,  has  recently  been  collected 
and  demands  recognition  as  new.  A  widely  distributed  tropical 
species,  V,  cinerea,  is  introduced  in  New  Providence  Island. 

Vernonia  baliamensis  as  characterized  by  Grisebach  has  the 
**  heads  single,  sessile  at  the  top  of  leafy  branches."  The  two  re- 
lated species  resemble  it  to  some  extent  in  this  character.  The 
three  may  together  be  regarded  as  members  of  the  section  Lepi- 
daploa,  subsection  Scorpioideae,  in  which  the  scorpioid  cymes  have 
been  much  reduced,  even  to  a  single  flower  as  in  V.  baliamensis. 
Indications  of  this  reduction  are  seen  in  V.  longifolia  Pers.  with  its 
varieties  Sintenisii  Urban  and  Vahliana  Urban  of  the  Windward 
Islands  and  Porto  Rico.  The  internodes  of  the  cyme  are  short- 
ened, and  the  heads  are  fewer  than  in  typical  scorpioid  Vernoniae, 
and  the  whole  inflorescence  but  little  exceeds  the  upper  foliage 
leaves.  This  group  seems  to  be  of  equal  rank  with  Scorpioideae 
foliatae,  and  Scorpioideae  aphyllae,  and  the  name  Scorpioideae 
reductae  will  indicate  the  peculiarities  of  its  inflorescence. 
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The  fourth  species,  of  the  section  Lepidaploa,  subsection  Pani- 
culatae,  with  corymbose  peduncled  heads,  is  entirely  different  from 
the  others  and  finds  its  nearest  relatives  in  the  United  States.      ' 

The  five  species  may  be  separated  as  follows : 

Herbaceous  ;  heads  corymbose,  peduncled. 

l-eaves  ovate,  pubescent.  V,  cinerea. 

Leaves  linear  or  oblong-linear,  glabrous  or  nearly  so.  V.  insularis. 
Frutescent ;  heads  sessile  or  nearly  so,  single  or  in  small  cymes. 

Inflorescence  of  many  heads ;  leaves  of  an  elliptical  type,  broadest  at  or  near  the 

middle.  V.  arctata. 
Inflorescence  of  few  heads  ;  leaves  broadest  above  the  middle. 

Leaves  oblanceolate,  spatulate,  or  narrowly  obovate.  V.  bahamenm. 

Leaves  very  broadly  obcordate.  V.  obcordata. 

Vernonia  cinerea  (L.)  Less.  Linnaea  4:   291.     1829. 
Conyza  chierea  L.  Sp.  PI.  862.      1753. 

This  well-known  introduced  species  differs  from  the  other  Ba- 
hamian forms  in  the  ovate  or.  oyate-oblong,  petioled,  undulate 
leaves.  It  belongs  to  the  section  Tcphrodes,  characterized  by 
achenes  without  evident  ribs.     New  Providence,  Earle  60. 

Vernonia  insularis  sp.  nov. 

§  Lepidaploa,  Paniculatae  ;  perennial  by  a  horizontal  rootstock ; 
stem  herbaceous  or  suffruticose,  glabrous  or  minutely  puberulent 
in  the  inflorescence,  erect,  6-10  dm.  high,  simple  or  sparingly 
branched ;  leaves  numerous,  alternate,  narrowly  oblong-linear, 
entire,  obtuse  or  sub-acute,  mucronate,  acute  or  narrowed  at  the 
.sessile  base,  one-nerved  or  with  faint  lateral  veinlets,  green  and 
essentially  glabrous  on  both  sides,  6-10  cm.  long,  0.8-1.2  cm. 
wide,  the  upper  somewhat  smaller  ;  inflorescence  terminal,  corym- 
bose, lax  ;  heads  4-25,  on  peduncles  0.5-4  cm.  long;  involucre 
at  maturity  broadly  campanulate  or  depressed-hemispheric,  about 
5  mm.  high ;  scales  glabrous  with  membranous  margins,  the  outer 
lanceolate,  sharply  acuminate,  the  inner  oblong,  abruptly  acumi- 
nate or  mucronate ;  achenes  2  mm.  long,  striate,  sparsely  pubes- 
cent ;  pappus  tawny,  6  mm.  long,  the  outer  series  minute. 

Great  Bahama,  pine  lands.  Eight  Mile  Rocks,  Feb.  5-13, 
1905,  N,  L.  Britton  &  C,  F.  Millspaugh  2jg2a,  type,  in  fruit; 
same  place  and  date,  .V.  Z.  Britton  &  C,  F,  Millspaugh  2jf^2,  a 
more  mature  specimen  with  the  achenes  gone ;  same  place,  April 
i6-May  8,  1905,  L.  J.  K.  Brace  368J,  young  specimens  only  2.5- 
3    dm.    high,  with   the    inflorescence  just    beginning  to   appear; 
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Abaco,  pine  lands.  Marsh   Harbor,  Dec.  21,  1904,  L,  J.  K,  Brace 
i8j5,  past  maturity  with  the  achenes  gone. 

'  Abaco  and  Great  Bahama  islands,  from  which  V.  insularis 
only  has  been  collected,  are  but  a  short  distance  from  the  east 
coast  of  southern  Florida,  and  the  nearest  relative  of  the  species 
may  be  looked  for  there.  In  leaf-habit  and  involucre  it  is  not  far 
from  the  Floridian  V.  Blodgettii  Small,  and  may  be  connected 
phylogenetically  with  it. 

Vernonia  arctata  sp.  nov. 

§  Lepidaploa,  Scorpioideae  reductae ;  a  much-branched  shrub  3-8 
dm.  high,  stem  and  branches  striate,  thinly  tomentose  or  glabrate, 
branches  crowded,  leafy  ;  leaves  broadly  elliptic  to  obovate-ob- 
long,  acute  or  mucronate,  entire,  acute  or  obtuse  at  the  base,  pin- 
nately  veined,  brown-tomentose  beneath,  glabrate  above,  i- 1.8  cm. 
long,  0.6-1. 1  cm.  broad,  divaricately  spreading  or  somewhat  re- 
flexed,  on  tomentose  petioles  3-7  mm.  long;  inflorescence  flattened. 


0 


Figure  I.     Leaf  types  of  (<?,  ^,  c)  Vfincnia  arctata,  (li)  V.  obiordata,  (<»,  f\g) 
V.  bahamensis.     Natural  size. 

terminating  the  branches,  consisting  of  several  short  leafy  irregular 
scorpioid  cymes  bearing  each  1-5  sessile  or  short-peduncled  heads  ; 
involucre  campanulate,  4-5  mm.  high  ;  scales  pauciseriate,  lanceo- 
late, irregularly  imbricated,  acute,  tomentose  ;  achenes  about  1 3 
in  each  head,  pubescent,  2.5  mm.  long;  pappus  nearly  white,  5 
mm.  long,  the  outer  series  conspicuous. 

New  Providence  Island,  in  dry  pine  barrens.     Most  of  the  re- 
cently collected   material   distributed  as    V,   bahamensis   belongs 
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here:  A.  H,  Curtiss  6s,  Feb.  5,  1903  (type);  C.  F,  Millspaugh 
248 T,  Jan.  24,  1905  :  Mrs.  E.  G.  Britton  3275,  Feb.  3,  1905  ;  N. 
L.  Briiton  &  C.  F.  Millspaugh  2101,  Jan.  26,  1905  ;  N.  L.  Brit- 
ton  6,  Apr.  7  and  8,  1904 ;  W.  C.  Coktr  sj,  June  20,  1903  ;  J.  /. 
&  A.  R,  Northrop  loi,  Jan.  10,  1890  ;  and  two  other  sheets,  in  the 
herbarium  of  Columbia  University,  collected  by  Wm.  Cooper. 

Several  branches  usually  arise  near  each  other  and  are 
straight,  virgate,  very  leafy,  and  about  equal  in  length.  Below 
the  origm  of  the  branches  the  leaves  soon  fall  off.     The  inflores- 


KiciURE  2.    Habit  photograph  of  Vernonia  bahamnisis  Griscb. 

ence  is  sometimes  8  cm.  across,  and  always  exceeds  the  foliage 
leaves  when  fully  developed.  There  is  some  variation  among  the 
specimens  in  the  character  of  the  branching  but  it  appears  to  be 
due  almost  entirely  to  the  relative  age  of  the  plants  as  shown  by 
the  time    of  collection. 

Vernonia  arctata  is  distinguished  from  V.  bahamemis  by  the 
shorter  and  broader  leaves,  the  character  of  the  branching,  and  the 
conspicuous  inflorescence  with  numerous  heads. 
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Vernonia  bahamensis  Griseb.  Fl.  Brit.  W.  Ind.  352.     1864. 

A  repeatedly  dichotomously  branched  bushy  shrub,  reaching 
a  height  of  2  m.  or  more,  with  the  leaves  confined  mostly  to 
the  young  branches.  Stem  flexuous,  thinly  tomentose  ;  younger 
branches  strongly  angled  ;  leaves  alternate,  numerous,  spatulate, 
oblanceolate,  or  narrowly  obovate,  entire,  rounded  at  the  tip 
and  varying  from  mucronate  to  slightly  retuse,  narrowed  at  the 
base  into  a  margined  petiole,  pinnately  veined,  tomentose  on 
both  sides,  especially  beneath,  2-3.5  cm.  long,  including  the  peti- 
ole, 0.5-1.2  cm.  wide ;  heads  few,  seldom  more  than  four  on  each 
branch,  single,  sessile  among  the  upper  leaves,  with  13  flowers  or 
fewer,  usually  8  ;  involucre  campanulate,  3-4  mm.  high  ;  scales 
ovate-lanceolate,  sharply  acute,  loosely  imbricated  in  few  series, 
tomentose;  achenes  densely  hirsute,  2-2.5  n^n^»  ^ong  ;  pappus 
nearly  white,  4-5  mm.  long,  the  outer  series  conspicuous. 

Fortune  Island,  Eggers  j8j2,  Apr.  2,  1888 ;  Inagua,  Nash  & 
Taylor  1017,  Oct.  14,  1904,  and  1344,  Oct.  28,  1904. 

Notes  accompanying  the  specimens  indicate  that  it  grows  in 
the  so-called  white  lands,  has  purple  flowers,  and  is  locally  known 
as  white  sage ;  the  photograph,  for  which  I  am  indebted  to  Mr. 
G.  V.  Nash,  shows  the  general  character  of  the  plant. 

The  last  cited  specimen  has  been  compared  with  the  original 
collections  in  the  Kew  Herbarium,  and  pronounced  identical  by 
Sir  William  Dyer,  and  later  also  by  Dr.  N.  L.  Britton.  Fortune 
Island  and  Inagua  Island  are  near  the  southern  end  of  the  Baha- 
mian archipelago,  and  the  latter  is  not  far  from  Haiti.  As  indi- 
cated by  the  specimens  at  hand,  V,  bahamensis  and  V.  arctata  are 
distinct  not  only  in  .structure  but  also  in  geographical  distribution. 


Vernonia  obcordata  sp.  nov. 

§  Lepidaploa,  Scorpioidcac  rcductae ;  a  much-branched  shrub 
6-9  dm.  high,  with  stiff"  crooked  branches,  bearing  leaves  only  on 
the  young  shoots  ;  young  branches  strongly  angled  and  tomen- 
tose, becoming  terete  and  glabrous  with  age  ;  leaves  numerous, 
crowded,  broadly  obcordate,  entire,  narrowed  at  the  base  into  a 
petiole  5  mm.  long,  pinnately  veined,  closely  gray  tomentose  on 
both  sides,  especially  beneath,  blade  0.8-1.5  cm.  long,  0.7-1.5 
cm.  wide,  the  cordation  at  the  apex  2-3  mm.  deep  ;  heads  few, 
single,  sessile  among  the  upper  leaves,  8-13-flowered  ;  involucre 
campanulate,  4-5  mm.  high  ;  scales  ovate-lanceolate,  acute,  irreg- 
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ularly  and  loosely  imbricated,  tomentose ;  achenes  as  in  V.  baha- 
mensis ;  pappus  yellow. 

Little  Inagua,  Nash  &  Taylor  1206,  Oct.  20,  1904. 

Vernonia  obcordata  is  distinguished  at  once  from  the  related 
species  by  the  obcordate  leaves,  as  broad  as  long,  and  by  the  yel- 
low pappus. 

New  York  Botanical  Gar  den. 
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The  Pabllcations  of  the  Department  of  Botany^  Co- 
lumbia University,  consist  of  Memoirs  in  qnarto  and 
Contributions  in  octavo. 

The  Memoirs  already  published  are: — 
Vol   I.   Small.    A  Monograph  of  the  North  American  Species  of 

W\e  Gttius  Polygonum,     Pp.178.    84  plates.     1 895.    Price, 

six  dollars. 
Vol.  II.   Rydberg.    A  Monograph  of  the  North  American  Poten- 

tiheae.     Pp.224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos,  6,  7, 
II,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,   which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32,  33,  34,  36, 
39,  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  ?iVQ  cents  each,  except  No.  35,  whichis 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  50.  52,  54,  59,  60,  and 
72  are  out  of  print;  others  can  be  supphed  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1895-1896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897)  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  119  which  is  fifty  cents, 
and  Nos.  loi,  109.  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Fivedollars.  Nos.  133,  136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume;  other  numbers,  twenty  five  cents,  except  Nos.  129 
and  143.  which  are  fifty  cents  each. 

Vol.  Vll.  No.  151-  175  (1898-1901).  P'ive  dollars.  Nos  I57and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
five  cents  each. 

Vol.  VIII.  No.  176-200  ( 1 901-1902).  Fivedollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vo.  IX.    No.  201 — 'current;. 

*  Nos    157  and  15S,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  Sisyrinckium^ 

can  be  had  lor  one  dollar  and  H*iy  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  Uxivkksity,  Professor  of  Boiany. 

Nku   York  city. 
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American  ferns— VI.     Species  added  to  the  flora  of  the  United 
States  from  1900  to  1905 

LuciEN  Marcus  Underwood 

Since  the  beginning  of  the  serious  study  of  our  native  ferns, 
there  has  probably  been  no  similar  period  in  which  so  many  addi- 
tions have  been  made  to  our  flora  as  in  the  five  years  just  passed. 
This  has  been  due  to  several  causes,  the  most  important  of  which 
is  the  opening  up  to  exploration  of  the  really  tropical  portion  of 
southern  Florida,  with  the  consequent  addition  of  a  large  number 
of  species  mostly  more  or  less  common  in  the  lowlands  of  the 
Bahamas  and  the  Antilles.  Some  of  the  additions  are  due  to  the 
closer  analysis  which  has  been  given  in  recent  years  to  certain 
genera,  particularly  Selaginella  by  Professor  Georg  Hieronymus, 
Isoetes  by  Mr.  A.  A.  Eaton,  and  Botrychium  by  the  present  writer. 
The  proper  delimitation  of  certain  species  of  central  and  southern 
Florida  has  depended  on  special  conditions.  For  example,  while 
the  writer  was  collecting  in  Florida  during  the  winter  of  1890-91, 
two  species  already  known  from  that  state  were  found  growing  to- 
gether in  similar  situations  on  limestone  rocks.  Although  these 
ferns  had  been  referred,  the  one  to  a  West  Indian  species  and  the 
other  to  a  variety  of  the  same,  on  collecting  these  species  fifteen 
years  ago  the  writer  felt  as  fully  as  he  does  now  (i)  that  the  two 
had  full  specific  distinctness,  and  (2)  that  the  places  to  which  they 
had  been  assigned  by  the  **  authorities  *'  was  not  the  correct  one. 
Two  essential  conditions,  however,  were  then  lacking  to  justify  their 
separation,  and  the  writer  has  waited  until  these  conditions  might 
be  changed  : 

1.  It  was  essential  for  accuracy  to  make  examination  of  certain 
types  in  European  herbaria ;  this  has  not  been  practicable  until  the 
past  summer ;  and 

2.  It  was  necessary  to  study  a  large  collection  of  West  Indian 
species  of  Aspleniutn  in  order  to  delimit  the  boundaries  of  related 
species.  This  has  now  become  possible  at  home,  for  while  the 
Kew  herbarium  and  the  Berlin    collections,  including  the  well 
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known  West  Indian  herbarium  of  Krug  and  Urban,  both  contain 
material  not  found  in  any  other,  the  collections  now  accumulated 
at  the  New  York  Botanical  Garden  exceed  either,  or  both  together 
for  that  matter,  in  the  richness  and  completeness  of  the  series  of 
West  Indian  ferns. 

A  number  of  the  species  in  the  following  list  have  already 
been  reported  by  Mr.  A.  A.  Eaton,  whose  collections  in  South 
Florida  were  partly  listed  in  the  Fern  Bulletin  for  April,  1904; 
others  have  been  reported  by  Mr.  Maxon,  by  Mr.  Gilbert,  and 
by  the  writer,  in  various  short  notes.  It  is  thought  desirable 
to  bring  these  together  in  a  single  list  which  will  supplement 
the  last  (1900)  edition  of  Our  Native  Ferns  and  their  Allies,  It 
will  be  noted  that  the  list  contains  six  genera  and  forty-nine 
species  from  the  limits  of  the  United  States,  not  included  in 
that  work ;  two  of  these,  however,  displace  species  already  re- 
ported under  other  names,  so  that  the  net  increase  is  forty-seven 
species.  Besides  these  a  considerable  number  of  varieties  have 
been  described ;  some  of  these  are  based  on  mere  sports  like  the 
var.  Hortonae  of  Asplenium  plaiyneuron,  and  Pellaea  atropurpurea 
cristata,  while  others  may  represent  something  more  permanent 
in  character.  No  attempt  has  been  made  to  list  these  here. 
Among  the  forty-seven  species,  two  are  plants  introduced  from 
cultivation,  which  have  apparently  become  locally  established. 
One  species  of  Equisetum  and  four  species  of  Selaginella  must  be 
placed  in  the  list  of  **  Species  inquirendae ^  inasmuch  as  they  are 
imperfectly  known.  Removing  these  two  doubtful  series  from  the 
list  there  are  still  forty  native  species  which  represent  bona  fide 
additions  to  our  known  flora.  The  list  follows,  arranged  in  syste- 
matic order : 

OPHIOGLOSSACEAE 

BoTRYCHiuM  alabamense  Maxon,  Proc.  Biol.  Soc.   Washington 
19:  23.      1906.     (Type  from  Mobile,  Alabama,  Dukes,) 

BoTRYCHiuM  californicum  Underw.  Torreya  5  :   107.     1905. 

This  species  is  the  Califomian  plant  hitherto  mistaken  for  B, 
silaifolium  Presl.  B,  occidentale  Underw.  becomes  a  synonym  of 
the  latter  species,  having  been  based  on  a  tall-growing  form. 
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BoTRYCHiUM  ONONDAGENSE  Undcrw.  Bull.  Torrey  Club  30 :  47. 
1903.     (Type  from   Onondaga   county,  New   York,    Under- 
wood, 
Range  :  Central  New  York,  northern  Michigan,  Montana  (?). 

BoTRYCHiUM  tenuifolium  Underw.  Bull.    Torrey  Club  30:  52. 
1903.     (Type  from  Alexandria.  Louisiana,  Hale,) 
Range  :  Southern  States  from  Alabama  to  Louisiana  and  Mis- 
souri.    Closely  related  to  B.  obliquum  Muhl. 

SCHIZAEACEAE 
AcTiNOSTACHYS  Germani  Fee,  Mem.  Foug.  11  :  123.  pL  2g.  f. 
J,  1866.  (Type  from  Guadeloupe,  Deshaies), 
This  remarkable  discovery  of  Mr.  A.  A.  Eaton  in  South 
Florida  adds  a  fourth  member  of  this  family  to  our  flora,  and 
gives  to  a  hitherto  rare  and  local  tropical  species  an  unexpected 
distribution.  Like  Schizaea  pusilla,  this  new  species,  although 
larger,  is  still  so  inconspicuous  that  it  would  be  readily  passed 
over  by  any  except  the  most  careful  collector  of  ferns,  and  quite 
likely  has  a  much  wider  range  than  has  hitherto  been  attributed  to 
it.  The  genus  is  closely  related  to  Schizaea  but  has  penicillate 
spikes. 

Lygodium  japonicum  (Thunb.)  Sw.  Jour.  Bot.  Schrader  1800^: 

106.     1801. 

Ophioglossum  japonicum  Thunb.  Fl.  Jap.  328.  1784.  (Type 
from  Japan,  Thunberg,) 

Escaped  from  cultivation  near  Thomasville,  Georgia,  and  at 
several  places  near  Mobile,  Alabama,  where  it  is  growing  like  a 
wild  plant.  Mr.  W.  D.  McNeill  has  sent  me  a  fine  series  of  speci- 
mens which  were  very  naturally  taken  for  a  native  species  by  their 
collector. 

POLYPODIACEAE 

PoLYPODiUM  HESPERiUM  Maxon,  Proc.  Biol.  Soc.  Washington  13 : 
200.      1900.     (Type  from  Washington,  Gorman  64.2,) 
A  segregate  from  P,  vtdgare  which  includes  most  or  all  of  the 

forms  hitherto  referred  to  that  species  from  the  Rocky  Mountains 

westward  to  the  Pacific. 
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Campvloneurum  latum    Moore,  Ind.   Fil.   225.     1861.    (Type 
from  the  West  Indies.) 
South  Florida  :  14  miles  south  of  Cutler,  A.  A.  Eaton. 

Campvloneurum   costatum   (Kunze)   Presl.   Tent.    Pterid.    190. 

1836. 

Poly  podium  costatum  Kunze.  Linnaea  9:  38.  1835.  (Type 
from  Cuba,  Poeppig.^ 

South  Florida  :  5  miles  north  of  Everglade,  A,  A,  Eaton. 
Ranges  also  to  Cuba  and  Jamaica. 

Campvloneurum  angustifolium  (Sw.)  Fee,  Mem.  Foug.  5  :  257. 

1852. 

Poly  podium  angustifolium  Sw.  Nov.  Gen.  et  Sp.  130.  1788. 
(Type  from  Jamaica.) 

South  Florida:  14  miles  south  of  Cutler,  A.  A,  Eaton,  by 
whom  it  has  been  reported  already.  Ranges  also  to  the  Bahamas, 
Cuba,  Jamaica,  Hispaniola,  and  Porto  Rico. 

The  four  species  of  Campyloneurum  now  known  from  our  flora 
may  be  distinguished  as  follows  : 

Leaves  narrow,  a  centimeter  or  less  wide.  C.  angustifolium. 

Leaves  broad,  3-8  cm.  wide  or  more. 

Veins  obscure  ;  texture  opaque.  C  costatum. 

Veins  conspicuous. 

Leaves  with  a  narrow  win^i^,  decurrent  to  near  the  base.  C.  Pkyllitidis. 

Leaves  long- stalked  ;  areolae  usually  divided  by  a  longitu- 
dinal vein.  C  latum. 

Adiantum  modestum  Underw.  Bull.  Torrey  Club  28  :  46.      1901. 
(Type  from  Roswell,  New  Mexico,  Earle,) 
New  Mexico  :  Roswell,  Earle. 

Adiantum  hispidulum  Sw.  Jour.  Bot.  Schrader  1800^:  82.     1801. 

(Type  from  Australia.) 

Georgia  :  Growing  in  a  well  near  Thomasville,  R.  M.  Harper 
iiji.     Reported  by  Mr.  Harper  as  established  at  this  place. 

A  common  species  in  cultivation  and  likely  to  become  estab- 
lished in  other  favorable  locations. 

Hypolepis  repens  (L.)  Presl,  Tent.  Pterid.  162.      1836. 

Lonchitis  repens  L.  Sp.  PI.  1 0/8.  1753.  (Type  from  Mar- 
tinique, based  on  Plumier//.  /.?.) 


Digitized  by 


Google 


Underwood  :   American  ferns  1 93 

This  tropical  fern,  which  becomes  almost  a  climbing  species  in 
the  West  Indies,  has  been  found  in  Florida  by  Mr.  C.  S.  William- 
son, as  already  reported  (Torreya  3:18.  1903).  He  says  of  it : 
**  It  was  quite  abundant  in  the  woods  on  the  borders  of  Lake 
Apopka,  which  at  Oakland  is  quite  a  distance  from  the  town/' 

The  plant  resembles  Dennstaedtia  in  habit,  but  has  the  in- 
dusium  of  Cheilanthes,  The  specimens  sent  by  Mr.  Williamson 
have  a  height  of  only  60  cm. 

AsPLENiUM  Andrewsii  A.  Nelson,  Proc.  Biol.  Soc.  Washington 
17:    174.       1904.      (Type    from    Boulder   Creek,  Colorado, 
Andrnvs!) 
This  new  discovery  from  Colorado  is  a  member  of  the  Adidn- 

tuin-nigrtim  group  of  Asplenium  and  is  closely  related  to  Asplenium 

Adiantum-nigrmn  of  central  and  southern  Europe.     Among  our 

species  it  will  stand  nearest  A,  montamnn, 

Asplenium  verecundum  Chapman  in  herb.  sp.  nov. 

Rootstock  short,  erect  or  inclined,  covered  with  more  or  less 
persistent  bases  of  the  leaf-stalks ;  leaves  densely  cespitose,  bi- 
tripinnate,  16-40  cm.  long,  elliptic-lanceolate,  2.5-6  cm.  wide, 
tapering  both  ways  from  the  middle,  borne  on  stalks  2-10  cm. 
long,  which  are  smooth  and  brownish-purple  as  are  also  the 
rachises  ;  pinnae  (in  larger  specimens)  bipinnate  at  base,  gradually 
simpler  outwards,  or  (in  smaller  specimens)  pinnate  throughout 
or  with  the  basal  pinnule  2-3-lobed  or  even  divided  into  2-3 
segments ;  segments  obovate  or  broadly  oblanceolate,  obtuse  or 
rarely  truncate  at  the  apex  and  often  mucronulate,  decurrent  on  a 
narrowly  winged  rachis,  bearing  a  single  vein  with  a  short  sorus 
in  or  near  the  center ;  texture  delicate,  membranous ;  indusia 
rather  broad,  delicately  membranous,  with  entire  margins. 

Range:  Florida,  northern,  central,  and  southern  ;  specimens 
have  been  examined  as  follows : 

Jackson  County :  Chapman  (type).  Marion  County :  near 
Ocala,  1879,  ^^^^^  Reynolds;  John  Donnell  Smith;  1891,  Under- 
wood 18 10,  Scott*s  Spring  near  Ocala,  1891,  Undenvood  18 18. 
Belleview,  1 891,  Underwood  1876.  Hernando  County  :  Istachatta, 
1 89 1,  Undenvood  2001  b,  2001  c\  Nash  ij^d  a.  Dade  County: 
Biscay ne  Bay,  1887,  Isaac  H olden;  iSSS,  R.  M,  Monroe,  Between 
Cutler  and  Long  view  Point,  1903,  Small  &  Carter  854.,  11 56. 
Miami,  1904,  E.  G.  Britton  gr. 
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With  the  original  sheet  of  Chapman  in  the  Columbia  herbarium 
is  a  faded  photograph  marked  **  Asplenium  anchorita,  Scott's  Well, 
near  Ocala,  Florida/'  and  also  **  Rec*d  from  Miss  Murray,  Sept.  7, 
1855."  With  this  is  a  letter  to  Dr.  Torrey  from  Amelia  M.  Mur- 
ray, mentioning  the  collection  of  the  fern  at  the  above-named 
place.  This  interesting  sink-hole  later  known  as  Scott's  Spring, 
where  the  plant  was  evidently  first  collected,  was  visited  in  1891  by 
the  writer,  who  found  the  fern  still  growing  there.  It  will  be  seen 
from  the  localities  given  that  the  plant  ranges  the  entire  length  of 
the  state.  The  name  anchorita  has  been  given  as  a  synonym  in 
the  first  edition  of  Chapman's  Flora  (page  593)  and  the  highly 
appropriate  name  verecundum  taken  up  from  Chapman's  herbarium 
was  used  as  a  nowen  nudum  in  Fournier  Mex.  PI.  in,  in  1872. 
The  fern  is  at  once  the  most  modest  and  the  most  graceful  of  our 
species  of  Asplenium, 

Asplenium  Cortissii  sp.  nov. 

Rootstock  short,  erect  or  inclined ;  leaves  30-50  cm.  long, 
bipinnate  to  tripinnatifid,  lanceolate  or  lanceolate-ovate,  5-10  cm. 
wide,  broadest  a  little  above  the  base,  the  basal  pinnae  nearly  as 
long  as  those  above,  borne  on  grayish-brown  stalks  12-14  cm. 
long  ;  pinnae  lanceolate,  in  larger  plants  bipinnatifid,  in  smaller 
plants  pinnate  with  2-4-toothed  or  lobed  closely-set  pinnules; 
segments  acute  or  rarely  obtusish,  pointed,  decurrent  on  the  rachi- 
ses  with  a  rather  broad  wing ;  veins  single,  or  forked  in  the  seg- 
ments which  are  toothed,  each  tooth  with  a  separate  excurrent 
vein  ;  sori  prominent ;  indusia  broad. 

Range:  Central  Florida;  specimens  have  been  examined  as 
follows : 

Citrus  County :  Lake  Tsala  Apopka,  Curtiss  3728  (type). 
Marion  County:  near  Ocala,  1879,  1883,  Miss  Reynolds,  Indian 
Spring,  4  miles  S.  E.  of  Ocala,  1891,  Undcnvood  18 ij,  Belleview, 
1891,  Underwood  1873,  Hernando  County:  Istachatta,  1891, 
Underwood  /pp/,  2001,  2001  a;   1897,  Curtiss 5683. 

The  combined  herbaria  at  the  New  York  Botanical  Garden 
contain  seven  sheets  of  Curtiss  3728,  which  represents  the  first 
plants  collected  and  distributed.  Two  of  these  have  a  small 
plant  of  the  previous  species  included  on  the  same  sheet,  but  the 
others  are  straight  examples  of  the  present  species.  We  take 
pleasure  in  dedicating  this  very  distinct  species  to  Mr.  Allen  H. 
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Curtiss,  whose  botanical  explorations  in  Florida  have  added  so 
much  to  our  knowledge.  The  species  often  grows  in  company 
with  Asplenium  verecundutn  Chapm.,  and  we  have  collected  the  two 
growing  together  at  three  distinct  localities.  All  the  stations  men- 
tioned are  within  a  circle  whose  radius  is  only  twenty-five  miles. 

This  species  is  readily  distinguished  from  Asplenium  verecun- 
dunt  by  its  shape,  the  lower  pinnae  not  being  reduced  as  in  that 
species,  by  its  larger  size,  coarser  texture,  and  numerous  other 
characters.  It  is  scarcely  necessary  to  add  that  the  two  plants 
have  long  posed  under  the  names  Asplenium  myriophyllum  or  A, 
rhizophyllum  either  as  species  or  varieties.  A,  myriophyllum  is  an 
entirely  distinct  species  described  originally  from  Jamaica.  A. 
rhizophyllum  (Thunb.)  Kunze  came  originally  from  Dominica,  and 
is  a  plant  which  roots  from  a  prolonged  apex  as  illustrated  by 
Smith  (PI.  Ic.  Ined.  2  :  //.  56),  The  name,  moreover,  is  preoccu- 
pied by  Asplenium  rhizophyllum  L. 
Asplenium  biscaynianum  (D.  C.  Eaton)  A.  A.  Eaton,  Fern.  Bull. 

12  :  45.      1904. 

Asplenium  rhizophyllum  var.  biscaynianum  D.  C.  Eaton,  Bull. 
Torrey  Club  14  :  97.//.  68,  1887.  (Type  from  Biscayne  Bay, 
Holden>i 

Southern  Florida.  Collected  at  Biscayne  Bay  in  1887  by 
Isaac  Holden,  in  1888  by  R.  M.  Monroe,  in  1903  by  A.  A.  Eaton, 
and  in  1904  by  E.  G.  Britton.  Specimens  of  all  these  collections 
are  represented  in  the  herbaria  at  the  New  York  Botanical  Garden. 
There  is  a  suspicion  that  this  species  may  prove  a  hybrid  of  Asple- 
nium dentatum  L.  and  A,  verecundum  Chapm.,  both  of  which  grow 
in  its  immediate  vicinity.  We  agree  with  Mr.  A.  A.  Eaton  in 
recognizing  this  as  a  distinct  species,  nor  should  we  differ  did  we 
know  the  above  suspicion  of  hybridity  to  represent  the  truth  of 
the  matter.  Species  in  taxonomy  are  the  units  of  classification 
and  their  origin  from  others  by  variation,  by  hybridity,  by  muta- 
tion, or  by  any  other  process  should  have  nothing  to  do  with  the 
simple  taxonomic  problem,  while  of  the  very  highest  interest  in 
the  biological  history  of  the  species. 
Asplenium  muticum  Gilbert,  Amer.   Bot.  4:  86.     1903.     (Type 

from  Bermuda.) 

Central  Florida  ;  also  found  in  the  Bermudas,  whence  it  was 
described  by  Mr.  Gilbert. 
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AsPLENiuM    erosum    L.    Syst.    Nat.   ed.    lo.    2:    1324.      1759. 
(Type   from  Jamaica,  based   on   Sloane,  Voy.  Jam.    i  :  //. 

Central  Florida:  Cedar  hammock,  Sumpter  County,  1894, 
F,  L,  Lewton, 

This  is  the  plant  reported  by  Mr.  Maxon  in  Torreya  3  :  185. 
1903,  and  referred  to  a  form  of  A.  aurituni  Sw.,  and  it  represents 
one  of  the  forms  usually  referred  to  that  name  from  various  West 
India  islands.  We  have  material  similar  to  the  Florida  plant  at 
least  from  Cuba,  Jamaica,  Hispaniola,  and  Porto  Rico  ;  much  of 
the  Jamaica  material,  however,  which  has  been  referred  to  A, 
auritum,  is  of  quite  a  distinct  type.  In  establishing  A,  erosum, 
Linnaeus  based  his  name  wholly  on  Sloane's  plate  ;  the  plant  of 
the  present  type,  which  agrees  in  every  essential  with  Sloane's 
plate,  must  bear  the  name  A,  erosum,  and,  for  the  present,  it  will 
be  left  an  open  question  as  to  whether  all  the  so-called  A, 
auritum  Sw.  of  the  West  Indies  and  Mexico  shall  be  merged  under 
this  name.  It  should  be  noted  thatSwartz  cited  the  same  plate  of 
Sloane  in  establishing  his  Asplenium  auritum,  but  in  this  case  there 
is  probably  a  specimen  in  Swartz's  herbarium  which  will  naturally 
take  precedence  of  a  cited  plate  in  determining  the  type  of  the 
species.  The  name  Asplenium.  erosum  has  unfortunately  been  used 
by  various  writers  for  species  widely  different  from  the  one  to  which 
the  name  was  originally  given.  We  are  fortunate  to  be  able  to 
get  back  to  a  real  foundation  for  the  application  of  the  name. 
Sloane's  plant  is  preserved  in  the  British  Museum. 

Ceropteris  viscosa  (D.  C.  Eaton)  Underw.  Bull.  Torrey  Club 

29:  631.      1902. 

Gymnogramme  triangularis  var.  viscosa  D.  C.  Eaton,  Ferns  of 
N.  Am.  2:16.  pL  48,  f.  5.  1880.  (Type  from  Southern  Cali- 
fornia.) 

Stenochlaena  Kunzeana  (Presl)  Underw.  sp.  nov. 

Olfersia  Kunzeana  Presl,  Tent.  Pterid.  235.  1836  {nomen 
midum). 

Stems  wide-climbing,  more  or  less  flattened,  with  occasional 
brownish  scales  when  young,  becoming  smooth  except  for  the 
abundant  roots  on  the  under  surface ;  leaves  35-60  cm.  6r  more 
long,  oblanceolate,  tapering  both  ways  from  above  the  middle, 
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pinnate,  borne  on  stalks  8-10  cm.  long;  pinnae  18- (or  more) 
jugate,  those  of  the  upper  portion  lanceolate,  6-12  cm.  long,  10- 
1 2  mm.  wide,  cuneate  at  the  base,  or  long-tapering  to  a  bordered 
stalk,  irregularly  and  usually  coarsely  dentate,  acute  or  acuminate 
at  the  apex,  those  of  the  lower  portion  of  the  leaf  gradually  re- 
duced, the  lowest  becoming  ovate  or  ovate-triangular,  1-2  cm. 
long ;  rachis  winged  especially  when  young,  stramineous ;  midrib 
prominent,  lateral  veins  oblique,  simple  or  rarely  forked  about  I 
mm.  apart ;  sporophyls  pinnate,  the  pinnae  6  cm.  or  more  long,  5 
mm.  wide,  borne  on  a  short  (3  mm.)  stalk,  midvein  conspicuous, 
lateral  veins  distant,  simple  or  usually  forked  at  the  base  with  the 
branches  widely  diverging. 

Specimens  have  been  examined  as  follows : 

Cuba:  1822,  Poeppig ;^  Wright  p/j  (type,  in  herb.  D.  C. 
Eaton  **scandente  arbores  Citri  a.d  10  ped.  in  sylvis"). 

HiSPANiOLA :  '*  San  Domingue  '*  without  collector  or  nearer 
locality,  in  herb.  Mus.  Paris ;  Plaisance,  NasA  &  Taylor  14^2. 

PoRTo  Rico  :  Balbis^  Scfnvanecke. 

Florida:  Between  Cutler  and  Longview  Camp,  1903,  Small 
&  Carter  856,  1157 ;  Ross*  Hammock,  Dade  County,  A,  A. 
Eaton  dyj.  All  the  Florida  plants  seen  are  sterile,  but  have  the 
unmistakable  foliage  of  this  species. 

The  genus  Stenochlacna  thus  added  to  our  flora  is  related  to 
Struthiopteris  in  its  dimorphous  simply  pinnate  leaves,  but  lacks 
an  indusium  ;  the  sporangia  soon  become  confluent  on  the  narrow 
pinnae  of  the  sporophyls  and  on  this  account  the  genus  was 
merged  by  Hooker  with  Acrostichum,  with  which,  however,  it  has 
no  natural  alliance.  The  Florida  plants  scarcely  represent  the 
norm  of  the  species  and  apparently  are  straggling  plants  instead  of 
climbing  ones,  as  in  more  tropical  forests. 

Dryopteris  AQUiLONARis   Maxon,  Bull.  Torrey  Club  27  :  638. 
1900.     (Type  from  Cape  Nome,  Alaska,  Flett,) 
Alaska  :  Once  collected.  A  near  relative  of  Dryopteris fragrans. 

Dryopteris   pittsfordensis   Slosson,    Rhodora  6:   75.      1904. 
(Type  from  Pittsford,  Vermont,  Slosson) 
Described  as  a   hybrid   of  D,   spinulosa  and  D,  marginalis, 

*  Pocppig's  specimens  were  referred  by  Kunze  (  Linnaea  9  :  59.  1835 )  to  Ltmaria 
longijolia  Kaulf.  and  it  was  on  the  incorrectness  of  this  determination  that  Presl  wrote 
**  Ol/ersia  Kunzeana  (Lomaria  longifolia  Kunze  nee  Kaulf.)  "  in  1836  (Tent.  Plerid. 
235).     We  have  seen  Poeppig's  plants  both  at  Prague  and  V^ienna. 
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Other  specimens  of  the  same  were  collected  by  the  writer  in  1890 
near  Cambridge.  Massachusetts,  as  noted  in  our  collections  by  Dr. 
Philip  Dowell,  who  collected  the  same  thing  on  Staten  Island, 
N.  Y.,  in  1904.  The  species  appears  to  stand  on  about  the  same 
basis  as  D,  BoottiL  Until  the  present  turma  of  varieties,  now 
connected  with  the  variable  Z>.  spinulosa,  can  be  made  the  subjects 
of  more  serious  field  study  than  they  have  yet  received  in  this 
country,  this  name  may  well  stand. 

Dryopteris  stipalaris  (Willd.)  Maxon  in  herb. 

Aspidium  stipularis  Willd.  Sp.  PI.  5:  239.  1810.  (Type 
from  Martinique,  citing  Plumier,  //.  ^j.) 

Florida  :  Miami,  A.  A,  Eaton.  Specimens  seen  in  the  U.  S. 
National  Museum. 

Dryopteris  ampla  (H.  &  B.)   Kuntze,    Rev.    Gen.    PI.  2:  812. 

1891. 

Poly  podium  amplum  H.  &  B.  in  Willd.  Sp.  PI.  5  :  207.  18 10. 
(Type  from  Caripe,  Venezuela.) 

Florida:  Between  Cutler  and  Longview  Camp,  1903,  Small 
&  Carter  8j4,  Sjj.  Already  reported  by  Mr.  A.  A.  Eaton  (//. 
Fern.  Bull.  12  :  46). 

This  species  forms  a  short  caudex  like  a  tree-fern  ;  the  {pecu- 
liar mass  of  cinnamon-colored  matted  scales  at  the  base  of  the  leaf- 
stalks is  strikingly  characteristic. 

Meniscium  reticulatum  (L.)  Schkuhr,  Krypt.  Gewachse  5.//.  5. 

1804. 

Polypoditim  reticulatum  L.  Syst.  Nat.  ed.  10.  2  :  1325.  1759. 
(Type  from  Martinique  and  based  on  Plumier's  figure.) 

Dryopteris  reticulata  Urban,  Symb.  Ant.  4  :  22.      1903. 

Florida  :  Alapattah  near  Miami,  1903.  A.  A,  Eaton  jyg. 
Already  reported  by  Mr.  Eaton  {cf.  Fern  Bull.  12 :  46). 

The  genus  Meniscium^  established  by  Schreber  in  1 791,  is  well 
characterized  by  its  venation  and  sori,  the  latter  being  linear  and 
naked  and  borne  on  cross  veins  connecting  the  lateral  parallel 
veins  which  extend  from  the  midribs  to  the  margin  forming  a  series 
of  similar  areolae.  The  validity  of  the  genus  was  never  questioned 
until  Diels,  in  placing  it  in  its  proper  tribe,  in  our  judgment  went 
too  far  by  uniting  it  with  Nephrodium,  from  which  it  has  more 
recently  been  transferred  to  Dryopteris  by  Professor  Urban. 
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Tectaria  minima  sp.  nov. 

Rootstock  creeping,  knotty  ;  leaves  subcespitose,  with  slender 
smooth  stramineous  stalks  6-18  cm.  long;  lamina  triangular,  in 
larger  leaves  broadly  so,  6-10  cm.  long,  3-9  cm.  wide,  lobed  at 
the  base  or  in  larger  leaves  bearing  a  pair  of  separate  pinnae  which 
are  again  slightly  lobed  below  ;  margin  of  the  terminal  portion 
deeply  crenate-incised  in  young  leaves,  in  age  becoming  more 
deeply  incised  and  with  pointed  rather  than  rounded  divisions ; 
veins  everywhere  irregularly  areolate  with  numerous  free  included 
veinlets ;  main  veins  slightly  fibrillose ;  sori  arranged  in  a  some- 
what irregular  row  on  either  side  the  main  lateral  veins  with  occa- 
sional ones  in  the  outlying  space  ;  indusium  usually  circular  with 
a  slit  on  one  side  forming  a  narrow  sinus  which  is  more  often 
obscured  by  the  overlapping  folds. 

Specimens  have  been  examined  as  follows : 

Florida  :  Hammocks  between  Cutler  and  Longview  Camp, 
1903,  Small  &  Carter  855  (type)  ;  10-14  miles  south  of  Cutler, 
A.  A,  Eaton  260. 

Bahamas:  Conch  Sound,  Andros,  Northrop  562a;  Near 
Nassau,  New  Providence,  A.  H.  Curtiss  1^2  ;  Farringdon  Road, 
New  Providence,  E.  G,  Britto7t  jig8  ;  Abaco,  Brace  18 15. 

Cuba  :  Yumury,  Rugcl  2  ;  near  Ibarra,  Britton  &  Shafir  j^^. 

This  species  has  been  passed  over  in  herbaria  for  young  forms 
of  Tectaria  heracleifolia  (Willd.),  but  proves  to  be  a  distinct  spe- 
cies differing  in  habit,  in  size,  in  texture,  in  the  character  of  the 
venation,  and  in  the  indusia,  which  are  not  strictly  peltate  as  in 
that  larger  and  more  common  species.  Small  leaves  resemble 
those  of  T,  coriandrifolia,  but  differ  (i)  in  being  sharp-pointed  in- 
stead of  blunt  at  the  apex,  (2)  in  the  longer  pointed  basal  lobes  in 
marked  contrast  with  the  short  rounded  ones  of  Tectaria  corian- 
drifolia,  and  (3)  in  the  venation.  Grisebach  has  marked  the  sheet 
collected  by  Rugel  as  ''  Aspidium  fimbriatum  Willd.,"  but  if  we 
can  trust  Plumier's  plate  /./p  this  is  a  species  widely  different  and 
wholly  unknown  in  our  day,  and  one  which  is  to  be  looked  for  in 
future  collections  from  Hispaniola. 

[The  plant  hitherto  known  as  Tectaria  trifoliata  in  Florida 
and  the  West  Indies  cannot  henceforth  bear  that  name.  The 
true  Tectaria  trifoliata,  based  on  Plumier's  plate  1^8,  proves  to  be 
a  wholly  distinct  species.  This  was  suspected  by  some  of  the 
earlier  writers  on  ferns,  but  still  others  have  maintained  that  the 
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discrepancies  noted  were  due  to  the  inaccuracy  or  possibly  ideal- 
ization of  Plumier's  artist.  With  the  now  abundant  collections  at 
hand  from  all  parts  of  the  West  Indies  there  is  no  longer  a  doubt 
that  we  have  two  very  excellent  species  and  that  Plumier's  artist 
is  again  justified.  Our  Florida  species  (ranging  throughout  the 
West  Indies)  is  Tectaria  heracleifolia  (Willd.).  {Aspidiuni  Jura- 
cleifolium  Willd.  Sp.  PI.  5:  217.  18 10;  type  from  Hispaniola. 
based  on  Plumier  plate  i^y,  which  is  an  extreme  form  of  the 
species.) 

This  species  has  uniformly  peltate  indusia.  The  true  Tectaria 
trifoliata  (L.)  Cav.  has  indusia  varying  on  the  same  plant  from  ren- 
iform  with  a  very  broad  sinus  to  circular  with  a  mere  emargination 
on  the  side,  thus  breaking  down  the  supposed  distinctions  between 
Tectaria  and  Sagenia  as  hitherto  maintained.  The  true  7".  trifoli- 
ata ranges  from  Cuba  (where  we  have  collected  it  on  El  Yunque) 
and  Porto  Rico  to  Guadeloupe,  Martinique,  Dominica,  St.  Vin- 
cent, and  Grenada.  It  differs  in  texture,  form  of  lobes,  venation, 
and  indusia,  and  many  of  its  characters  were  clearly  portrayed  in 
1703  by  Plumier,  whose  illustrations  can  now  be  easily  interpreted 
with  ample  material  of  both  species  at  hand.] 

Tectaria  coriandrifolia  (Sw.). 

Aspidium  coriandrifolium  Sw.  Jour.  Bot.  Schrader  i8oo^ :  36. 
1 801.     (Type  from  Jamaica,  citing  Pluk.  Aim.  pi.  284.  f.  5.) 

Florida:  14  miles  south  of  Cutler,  1903,  A.  A,  Eaton  ^6j. 
The  Florida  plants  are  smaller  and  somewhat  less  divided  than 
the  ordinary  Jamaican  forms,  while  the  plants  from  Cuba  are  quite 
intermediate  between  them. 

Odontosoria  clavata  (L.)  J.  Sm.  Hist.  Fil.  264.     1875. 

Adiantum  ciavatum  L.  Sp.  PI.  1056.  1753.  (Type  from  San 
Domingo,  based  on  Plumier's  pi.  lor.  f.  b.) 

Davallia  clavata  Sw.  Syn.  Fil.  123.      1806. 

Southern  Florida  :  1 2-20  miles  south  of  Cutler,  A.  A.  Eaton. 
Already  reported  by  Mr.  Eaton  (cf.  Fern  Bull.  12 :  47). 

The  discovery  of  this  species  in  Florida  adds  the  third  repre- 
sentative of  its  tribe  {Davaliieac)  to  our  flora.  The  narrow  trun- 
cate and  almost  cuneate  segments  make  it  an  easily  recognizable 
species.     We  have  gathered  the  fern  in  Cuba,  Porto  Rico  and 
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Jamaica,  and  it  has  been  brought  in  several  times  from  the  Ba- 
hamas. 

HYMENOPHYLLACEAE 
DiDYMOGLOSSUM  *  SPHENOIDES  (Kunzc)    Presl,    Hymenoph.    23. 

1843. 

Trichomanes  sphenoides  Kunze,  Linnaea  9:  102.  1835;  Die 
Farnkr.  i  :  215.  //.  88,  f,  2.      1846.     (Type  from  Peru,  Poeppig,) 

Florida  :  Between  Cutler  and  Longview  Camp,  1903,  Small 
&  Carter  1478.  This  species  was  reported  by  A.  A.  Eaton  under 
Trichomanes  (cf.  Fern  Bull.  12  :  47).  It  is  a  common  lowland 
species  of  tropical  America. 

DiDYMOGLOSSUM  *  Krausii    (H.   &  G.)    Prcsl,    Hymenoph.    23. 

1843. 

Trichomanes  Krausii  H.  &  G.  Icon.  Fil.  pL  /^p.  1831. 
(Type  from  Dominica,  Kraus.) 

Florida:  Between  Cutler  and  Longview  Camp,  1903,  Small 
&  Carter  1479,  1500.  Also  reported  by  Mr.  A.  A.  Eaton  under 
Trichomanes  {cf.  Fern.  Bull.  12  :  47). 

EQUISETACEAE 
Equisetum  Funstoni  a.  a.  Eaton,  Fern.  Bull.  11 :   10.      1903. 

(Type  from  San  Bernardino,   Southern   California,   Coville  & 

Funs  ion  ij.) 

Southern  California  :  Not  very  well  represented  in  our  her- 
baria, but  a  number  of  sheets  are  found  in  the  collection  at  Wash- 
ington. 

Species  inquirenda 
Equisetum  Ferrisii  Clute,  Fern.  Bull.  12  :  22.      1904.     (Type  from 

Joliet,  Illinois,  Clute,) 

Not  seen  ;  judging  from  characters  given,  a  very  doubtful  spe- 
cies described  entirely  from  sterile  material. 

*The  genus  Didymoj^/ossum  was  established  by  Desvaux  (Ann.  Soc.  Linn.  Paris 
6  :  330.  1827),  and  differs  from  typical  Trichomanes  in  the  possession  of  a  distinctly 
bilabiate  involucre  which  is  contracted  below  the  mouth  and  bordered  by  the  tissues  of 
the  leaf.  It  has  been  adopted  by  all  the  writers  who  have  seriously  monographed  the 
filmy  ferns  since  the  time  of  Desvaux. 
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SELAGINELLACEAE 
Selaginella   acanthonota   Underw.    Torreya   2:    172.      1902. 

(Type  from  North  Carolina,  Curtis.) 

North  Carolina  :  Curtis,  IVilliatnson, 

Georgia  :  Tattnall  County,  R.  M.  Harper  18^2 ;  Dooly 
County,  R.  M,  Harper  1937;  Montgomery  County,  R.  M. 
Harper  igSj. 

Selaginella     Hanseni    Hieron.    Hedwigia   39:     301.       1900. 
(Type  from  Fisher's  Cabin,  California,  Hansen  8y8.) 
California  :  Collected  in  Calaveras,  Fresno  and  Butte  counties. 

Selaginella  Parishii  sp.  nov. 

Plants  prostrate,  close-creeping,  and  emitting  rootlets  through- 
out, much  branched,  with  mostly  short  stems  ;  stems  6-10  cm. 
long,  mostly  with  short  alternate  branches  or  sometimes  with 
more  compound  ones  ;  leaves  with  a  dorso-ventral  arrangement, 
brownish  below,  bright-green  above,  5-6-ranked,  curved  upwards 
and  coiling  over  the  stems  when  dry,  broadly  lanceolate,  acute, 
ending  in  a  point  but  with  no  terminal  bristle,  but  with  6—20  very 
short  marginal  hairs  on  either  side ;  sporophyls  on  the  ends  of 
short  branches,  scarcely  differing  from  the  leaves,  forming  short 
subquadrate  strobiles  ;  microspores  orange-yellow,  40-50//  in 
diameter,  sphero-tetrahedral,  long  remaining  united  in  tetrads ; 
macrospores  yellow  globose,  about  350//  in  diameter. 

California  :  Palm  Springs,  Colorado  Desert,  March,  1903, 
C  F.  Saunders  (comm.  S.  B.  Parish)  ;  dry  rocky  mountains  in  the 
desert,  April,  1882,  Parish  1200, 

Mexico  :  Conception  del  Oro,  Zacatecas,  Aug.,  1904,  Palmer 
306  (type). 

This  species  has  been  known  to  the  writer  as  distinct  for  a 
number  of  years,  and  was  mentioned  in  the  original  breaking  up 
of  the  group  which  had  passed  under  the  name  of  S.  rupestris  {cf. 
Bull.  Torrey  Club  25  :  1 33.  1898),  among  the  species  inguirendae, 
Mr.  Parish  has  more  recently  sent  me  specimens  with  microspores, 
and  from  Palmer's  recent  collections  the  same  plant  turns  up  from 
Zacatecas  with  both  microspores  and  macrospores  ;  all  the  above- 
named  plants  are  in  the  herbarium  of  the  New  York  Botanical 
Garden. 

Selaginella  Sherwoodi  Underw.  Torreya  2:172.    1 902.    (Type 
from  Macon  County,  North  Carolina,  Sherwood.) 
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North  Carolina:  Macon  County,  1887,/.  Donnell  Stmth ; 
1 90 1 -2,  W,  L,  Sherwood, 

South  Carolina  :  /.  Donnell  Smith, 

Selaginella    Schmidtii     Hieron.    Hedwigia    39:    292.     1900. 

(Type  from  Sachalin,  Schmidt,) 

Unalaska  :  Chamisso.  Professor  Hieronymus  also  described 
a  var.  Krauseonim,  loc,  cit,  293,  which  was  collected  in  rock  fis- 
sures on  the  river  Tlehini,  Alaska,  by  the  Krause  brothers  in  1882. 

Selaginella  Underwoodi I  Hieron.     Die  Nat.  Pflanzenf.  i^ :  714, 

note.      1 901. 

Selaginella  rupestris  Fendleri  Underw.  Bull.  Torrey  Club  25  : 
127.      1898.     (Type  from  Santa  Fe,  New  Mexico,  Fendlcr  1024.) 

Selaginella  Fendleri  Hieron.  Hedwigia  39:  303.  1900. 
Not  5.  Fendleri  Baker. 

Colorado,  New  Mexico,  and  California  ;  has  been  sent  in  by 
various  collectors. 

Selaginella    Wallacei    Hieron.    Hedwigia    39:    297.      1900. 
(Type  from  Oregon,  Wallace.) 
Oregon  and  Washington  ;  has  been  sent  in  by  recent  collectors. 

Selaginella    Wrightii     Hieron.    Hedwigia   39:    301.       1900. 
(Type  from  New  Mexico,  Wright  828,) 
Known  only  from  its  type  collection. 

Species  inquirendae 

The  following  species  are  known  only  from  their  original  col- 
lections. It  is  perhaps  better  to  await  further  collection  and  study 
before  admitting  them  to  full  standing. 

Selaginella  montanensis  Hieron.  Hedwigia  39:  293.  1900. 
(Type  from  Crossing,  Montana,  1882,  Krause,) 

Selaginella  Bourgeaini  Hieron.  Hedwigia  39:  295.  1900. 
(Type  from  Fort  Ellice,  Oregon,  Bonrgeau,) 

Selaginella  Haydeui  Hieron.  Hedwigia  39:  296.  (Type  from 
Nebraska,  Hayden  ;  also  collected  in  Washington  (then  Oregon), 
LyalL) 

Selaginella  Bolanderi  Hieron.  Hedwigia  39:  300.  1900. 
(Type  from  Auburn,  California,  Bolander  4511!) 
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Selaginella  sp. 

Florida  :    Dade  County,  Small  &  Carter,  A,  A,  Eaton. 

Erroneously  reported  by  Mr.  B.  D.  Gilbert  as  Selaginella 
caribensis  Jenman,  a  species  of  the  higher  mountains  of  Jamaica  (cf. 
Fern  Bull.  13  :  74.  1905).  We  await  a  report  on  this  interest- 
ing species  from  Professor  Hieronymus. 

Species  excludenda 

Selaginella  Engeltnanni  Hieron.  Hedwigia  39  :  294.  1 900  = 
5.  densa  Rydb.  and  is  therefore  not  to  be  included  in  the  list  except 
as  a  synonym. 

ISOETACEAE 

Isoetes  occidentalis   Henderson,  Bull.  Torrey  Club  27:  358. 
1900.     (Type  from  Lake  Coeur  d'Alene,  Idaho,  Henderson 

5876.) 

Isoetes  lacustris  paupercula  Engelm.  Trans.  Acad.  Sci.  St. 
Louis  4:  377.      1882. 

Isoetes  paupercula  A.  A.  Eaton,  Proc.  U.  S.  Nat.  Mus.  23 : 
649.      1 901. 

Colorado  to  California,  Idaho,  and  Washington. 

In  accordance  with  the  now  established  doctrine  that  species  and 
not  varieties  are  the  units  of  classification,  this  name  set  aside  under 
former  rules  should  be  restored.  The  writer  wishes  to  record  the 
fact  that  he  has  persistently  opposed  the  principle  of  giving  varietal 
names  a  standing  in  nomenclature  since  it  was  proposed  at  the 
Madison  meeting  and  there  voted.  The  pernicious  effects  of  this 
principle  have  been  fully  appreciated  by  all  who  have  tried  it  on 
any  extensive  scale. 

Isoetes   heterospora  A.  A.  Eaton,  Fernwort  Papers  8.      1900. 
(Type  from  Jordan  Pond,  Mt.  Desert  Island,  Maine,  Rand,) 
Known  only  from  its  type  locality. 

Isoetes  hieroglyphica  A.  A.  Eaton,  Fernwort  Papers  10.     1900. 
(Type  from  St.  Francis  Lake,  Maine,  Pringle,) 
Maine  :  Reported  from  several  stations. 

Isoetes  Gravesii  A.  A.   Eaton,   Fernwort   Papers    14.       1900. 
(Type  from  Connecticut,  Graves,  Underwood^ 
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Connecticut:  Known  from  one  or  two  ponds  in  western 
Connecticut.  A  fine  series  was  collected  by  the  writer  some  years 
ago  at  Tyler  Pond,  in  Goshen,  which  is  now  in  the  herbarium  of 
the  New  York  Botanical  Garden. 

Species  excludenda 
Isoetes  Harveyi  A.  A.  Eaton,  Fern  wort  Papers  1 1.      1900.     (Type 

from  Maine,  Harvey^ 

Mr.  Eaton  now  regards  this  as  a  variety  of  /.  Tuckermani,  and 
we  therefore  exclude  it  from  the  list  of  species. 

Columbia  University. 
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Tbe  Publications  of  the  Departtreni  of  BoUtny,  Co- 
lamhia  University,  consist  of  Memoirs  in  quarto  and 
Contributions  in  octavo. 

Tbe  Memoirs  already  published  are : — 
Vol.  I.   Small.    A  Monograph  of  the  North  American  Species  of 

X\\Q  G^nws  Polygonum.     Pp.178.    84  plates.     1895.     Price, 

six  dollars. 
Vol.  II.   Rydberg.    A  Monograph  of  the  North  American  Poten- 

tilleae.     Pp.  224.     112  plates.     1898.     Price,  six  dollars. 

The  Contributions  have  now  reached  the  ninth  volume. 

Vol.  I.  Nos.  1-25  (1886-1892).  Out  of  print,  except  Nos.  6,  7, 
1 1,  20.  These  can  be  supplied  at  twenty  five  cents  each, 
except  No.  6,    which  is  one  dollar. 

Vol.  II.  Nos.  26-50  (1892-1894).  Nos.  26,  28,  29,  32.  33,  34,  36. 
39.  44,  48,  and  49  are  out  of  print ;  other  numbers  can  be 
supplied  at  twenty  five  cents  each,  except  No.  35,  whichis 
one  dollar  and  a  half. 

Vol.  III.  Nos.  51-75  (1894-1895).  Nos.  50,  52,  54,  59,  60,  and 
72  are  out  of  print ;  others  can  be  supplied  at  twenty  five 
cents  each. 

Vol.  IV.  Nos.  76-100  (1895-1896).  Five  dollars;  single  num- 
bers twenty  five  cents  each. 

Vol.  V.  Nos.  101-125  (1896-1897)  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  1 19  which  is  fifty  cents, 
and  Nos.  loi,  109,  and  124  which  can  only  be  supplied 
with  full  volumes. 

Vol.  VI.  Nos.  126-150(1897-1898).  Fivedollars.  Nos.  133,  136, 
146,  and  150  can  be  had  only  in  orders  for  the  complete 
volume ;  other  numbers,  twenty  five  cents,  except  Nos.  1 29 
and  143,  which  are  fifty  cents  each. 

Vol.  VII.  No.  151-175  (1898-1901).  Fivedollars.  Nos  157  and 
158*  cannot  be  furnished  separately  ;  other  numbers  twenty 
five  cents  each. 

Vol.  VII I.  No.  176-200  (1901-1902).  Five  dollars;  single  num- 
bers twenty  five  cents,  except  No.  176  which  is  fifty  cents. 

Vo.  IX.    No.  201 — (current;. 

♦  Nos   157  and  15S,  with  the  set  of  eleven  papers  by  Mr.  Bicknell  on  SisyrincAtum, 

can  be  had  lor  one  dollar  and  fifty  cents. 

Lists  of  titles  of  Contributions  may  be  had  on  application. 

LuciEN  M.  Underwood, 

Columbia  University,  Professor  of  Botany, 

New   York  city. 
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